
Open Access This file is licensed under a Creative Commons Attribution 4.0 

International License, which permits use, sharing, adaptation, distribution and 

reproduction in any medium or format, as long as you give appropriate credit to 

the original author(s) and the source, provide a link to the Creative Commons license, and indicate if 

changes were made. In the cases where the authors are anonymous, such as is the case for the reports of 

anonymous peer reviewers, author attribution should be to 'Anonymous Referee' followed by a clear 

attribution to the source work.  The images or other third party material in this file are included in the 

article’s Creative Commons license, unless indicated otherwise in a credit line to the material. If material is 

not included in the article’s Creative Commons license and your intended use is not permitted by statutory 

regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright 

holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/. 

Peer Review File

Cross-stress gene expression atlas of Marchantia polymorpha

reveals the hierarchy and regulatory principles of abiotic stress

responses



Reviewer #1 (Remarks to the Author): 

SUMMARY: 

The authors analyze data obtained from exposing the plant, Marchantia polymorpha, to seven 

individual stresses (heat, cold, salt, osmotic, light, dark, and nitrogen deficiency) and to 19 

pairwise combinations of those stresses. The constructed an abiotic gene expression atlas of 

Marchantia to understand how plant integrate and respond to the various environmental cues. 

Genes that were found to be differentially expressed against controls from two different batches 

were considered for further analysis. DEGs expressed in 5 or more experiments were used to 

calculate gene regulatory networks (GRN) for all experiments and stress-specific networks using a 

subset of experiments that included the respective experiments. GRN were generated using linear 

regression with elastic net regularization. The authors identified 75 robustly-responding TFs, 

revealing that dominant stresses (e.g. heat and darkness) differentially express a higher number 

of TFs that the non-dominant stresses. The inferred GRNs showed that the TFs active in the 

dominant stresses regulate more genes and other TFs than TFs from non-dominant stresses. 

These regression GRNs also showed that gene expression changes observed from pairwise 

experiments could be explained by a linear combination of the log2 fold change values from the 

single experiments. To make the resulting data more accessible, they provide an eFP browser for 

Marchantia. 

REVIEW: 

What are the noteworthy results? 

The primary noteworthy result from the manuscript is the rich dataset capturing the transcriptional 

response for single and combinatorial stresses. The process for identifying relevant specifications 

for the single and combinatorial stresses experiments were systematic and produced a rich dataset 

that would be of interest to other researchers in the field. 

The result identifying that combinatorial stresses can be described as linear combinations of the 

results from single stresses is particularly noteworthy. This tracks with the low level of redundancy 

seen in Marchantia. Also, the identification of a hierarchy of stress responses is also noteworthy. 

Major Concerns: 

- N/A 

Minor Concerns: 

- N/A 

------------------ 

Will the work be of significance to the field and related fields? How does it compare to the 

established literature? If the work is not original, please provide relevant references. 

The resulting data generated, along with the web interface, would be of significance to researchers 

in the field. This is a rather expansive data set that could be used for further analysis. The results 

here could also be further compared to combinatorial stress response results from other plants 

such as maize and Arabidopsis to better understand how these plants have evolved to handle 

stresses typically seen in nature. 

Major Concerns: 

- N/A 

Minor Concerns: 

- N/A 

------------------ 

Does the work support the conclusions and claims, or is additional evidence needed? 

Is seems like the work broadly supports the major conclusions and claims. Further description and 



refinement of the analysis and methodology would help to strengthen the manuscript. 

Major Concerns: 

- N/A 

Minor Concerns: 

- N/A 

------------------ 

Are there any flaws in the data analysis, interpretation and conclusions? Do these prohibit 

publication or require revision? 

There are significant flaws in the interpretation of some of the results. Please see below for specific 

points. 

Major Concerns: 

- On lines 422 to 432, a more formal interpretation beyond the heatmap shown in Figure 2 F and G 

would be appropriate. For example, is it fair to say that the similarity metric ranged from 5% 

similarity to 25% similarity. A quantitative assessment and interpretation would be useful. 

- Based on the explanation in the manuscript, it seems like the results in Figure S9A is quantify 

the genes and their corresponding equation that has an R^2 value above a certain amount. Thus, 

setting a filter of R^2 > 0.8 indicates the genes where there is some level of confidence in the 

prediction. This is a different interpretation than what is shown in the Figure, which refers to 

Number of models. The use of the term “Number of models” infers that the approach was ran N 

number of times and from these N runs, these are the resulting models (with each model being 

comprised of the equations for all DEGs) with R^2 values > some value. The interpretation of 

these results should be revised. 

- There are places in the manuscript where the explanation of the results are confusing and or 

does not flow in a way that is easily followed. This is a result of the use of terminology not 

common in the field (see above comment regarding the reference of each DEG equation as a 

model) or the extrapolation of results from several figures without a clear connection. This is a 

major flaw and should be clarified. 

Minor Concerns: 

- N/A 

------------------ 

Is the methodology sound? Does the work meet the expected standards in your field? 

See below. 

Major Concerns: 

- The overall methodology for modeling of the GRN could be improved. While using these results to 

get a broad understanding of the linear relationship between TFs and potential target genes are 

noteworthy, this approach does not capture the state-of-art in building gene regulatory networks 

for biological systems. While the development of new approaches for building GRNs is not the goal 

of the manuscript, further justification for the methodology used is warranted. The manuscript 

could also benefit from a description of the pros and cons associated with using such an approach. 

Minor Concerns: 

- N/A 

------------------ 

Is there enough detail provided in the methods for the work to be reproduced? 

Significant improvement in the description of the computational methods is needed. See below 

comments for detailed recommendations. 

Major Concerns: 

- Please further describe in the Materials and Methods section the construction of the linear 

regression with elastic net regularization Gene Regulatory Network. Please define the predictors 



and the output variables, along with any additional contraints that are imposes on the model. Also, 

please address why this particular approach was used over other approaches developed in the 

literature. Providing examples of the appropriateness of this model structure for gene expression 

data would also be very helpful. 

- On line 262, please more explicitly define what is meant by “associated with” 

- On line 376, the authors state that two controls taken at the beginning and middle of the 

experiment were used to assess differential expression. Please further describe what is meant by 

“middle of the experiment”. Also, this should be described in detail in the Materials and Methods 

section. 

- A few sentences describing the metrics defined from lines 408 to 421 would be helpful. A 

description of how these set-based metrics are interpreted for this particular data set would be 

helpful. 

- A description of the clustering approach used in Figure 2H in the Materials and Methods would be 

useful. Please also describe how it was implemented. Were only genes that were commonly 

differentially expressed across all experiments use? Were the resulting value (U, UD, D, or N) 

calculated as the average value of all genes in that set or only the gene corresponding to the 

Mapman bin? These details would help with the interpretation of these results. 

- This reviewer is unclear of the terminology used on line 469. The line states that 50,056 

ElasticNet models were generated (i.e., 6257 (note typo in manuscript) DEGs for eight stress 

databases). This reviewer is unfamiliar with referring to a single equation for a single DEG as a 

“model”. The model typically refers to the collection of equations for each DEG, which was 

estimated using all or a subset of the data. If the terminology used in this manuscript has been 

used elsewhere, please provide a reference. 

- On line 654, please clarify whether this is similar to what is shown in Figure 6D, just focused 

specifically on a single stress. 

- Please further explain how the regression models were constructed for Figure 6D and Figure 7A-

G. Please describe what data were used for each and highlight the relevance of the reduce R^2 

values for the latter. 

Minor Concerns: 

- On line 464, please be explicit in referencing what the response variables (assumed to be the 

differentially expressed genes) and what the predictor variables are (assumed to be the 

differentially expressed TFs). 

------------------ 

Additional Comments: 

- In several figure captions, certain panels in the figure are not described. In Figure 2, for 

example, panels F) and G) are not described in the caption. Please review all figure captions to 

ensure that each panel is described adequately. 

- On line 374, there seems to be a typo in that sentence. 

- On line 225, please explicitly define what \lambda and \alpha are. This reviewer assumes that 

these are the L1 and L2 regularization variables but this should be explicitly mentioned in the text 

if this is the case. 

- In Figure S9, please indicate the max value of the Jaccard index in the caption. 

- On line 251, please provide a reference for the Mapman ontology 

- There are places in the paper that refer to 18 combinations of stresses and there are places that 

refer to 19 combinations of stresses. Please correct the discrepancy 

- Figure 2B does not show particularly noteworthy results and may be more appropriate as a 

supplemental figure. 

- The authors mention approaches not explicitly described in the manuscript (e.g. “UpSet plot” on 

line 393). A link for this was provided in the figure caption but mention of this link and/or a 

reference may be appropriate for the main manuscript. 

- For Fig. S5, please indicate what that columns represent 

- There is a typo on line 469. 6275 should be 6257. 

Reviewer #2 (Remarks to the Author): 

Plants are sessile and thus it is critical for them to acclimate themselves to changing environments 



by appropriately adjusting gene expression profile. To understand the basic transcriptional 

regulatory mechanism against various abiotic stresses in plants, the authors selected the liverwort 

Marchantia polymorpha as a model, of which gene regulatory system is less redundant than those 

in other model plants. By comparing transcriptional profiles in M. polymorpha under single or 

combined abiotic stresses, the authors reconstructed gene regulatory networks (GRNs) specific to 

each stress condition and compared them, revealing that there are hierarchy in the stress GRNs 

and that a GRN for two stresses in combination is a simple arithmetic addition of GRNs for each of 

the stresses. Also revealed are transcription factors that are likely involved in regulating GRNs 

observed. Then the authors compared the TF-regulatory networks of M. polymorpha and A. 

thaliana to find minor conservation between them. Finally, the authors introduce a Marchantia-

version of eFP browser and CoNekT database, which should help users explore the transcriptional 

and functional aspects of the M. polymorpha genome. 

Some of the relevant findings of this study are the hierarchy in the stress GRNs and the additive 

nature of transcriptional response against abiotic stresses. Although their mechanisms and 

biological significance are poorly discussed, the interpretations are supported by the data provided. 

However, another claim they made, i.e., the stress-related TF-regulatory networks in M. 

polymorpha and A. thaliana are poorly conserved is less convincing. To evaluate the degree of 

conservation in GRN, it should be more appropriate to compare orthologous genes that are 

regulated by a given TF, instead of genes that have similar biological functions, because the same 

biological outcome can be provided by different genes or the biological outcomes of a given set of 

orthologs/paralogs can differentiate (neofunctionalization). Also, the claim that knowledge gained 

from model species such as Arabidopsis may not applicable to crop species is not persuasive 

because A. thaliana is by far less diverged from crop species than from M. polymorpha. 

There are some more issues as listed below: 

- Lines 317-318, 'Single stresses showed varying degrees of effect on plant growth on day 15' 

Supplementary Figure S1 shows considerable variations in controls (Days 15 and 21). Are the 

'significant differences' observed in the experiments really significant? 

- Lines 343-344, 'While plants subjected to a combination of sub-lethal heat (33°C) and high light 

#)(* 6,2%'4%&$ .1/. #-1053/ &+$"

It is difficult to tell if HL plants were dead, judging from Figure 1D. Maybe, the correct panel to 

refer to is 'Figure 1C'? 

- Lines 376-377, 'we used two controls taken at the beginning and the middle of the experiment' 

It appears that the two controls refer to Controls D2 and H2 in Table S5, but it should be explicitly 

described along with their conditions. 

- Figure 2F and G 

The representation for 'suppression' is confusing. The ratio depends on the order of two conditions 

to be compared, which appears oppositely in the color code. Consider showing in a triangular 

matrix. 

- Lines 551-569 

The information given in this paragraph might be useful for database contents but distracting for 

verifying the inferred GRNs. 

- Figure 8C 

Gemma cups occur only on the dorsal surface just above the midrib (Shimamura Plant Cell Physiol. 

57:230-256, 2016). Panel 'Antheridium' should be corrected in two aspects. First, 'androcyte 

mother cells' should be 'spermatid mother cells', Then, the antheridium, which is a 'rugby ball'-like 

structure mostly consisting of spermatid mother cells, should be colored instead of the tissue and 

cells (jacket cells) surrounding the antheridium. 

- Section starting from L681, 'eFP browser and CoNekT database for Marchantia' 

The browser and database themselves look quite nice, but their description do not seem to be 

sufficiently relevant to the preceding content. It would be helpful if the authors provide steps to 

create figures like Figure 2H etc, for example. 



There are another genome browser and co-expression databases for M. polymorpha in service, 

MarpolBase (https://marchantia.info) and MBEX (https://marchantia.info/mbex/). Describing the 

difference between the two systems, i.e., MarpolBase/MBEX and eFP/CoNeKT, should help readers 

for their choice. 

- Figure 8D 

I guess genes on the squares of the same color belong to the same orthogroup, as indicated below 

as 'Legend'. The genes in the same orthogroup are supposed to be homologous, which makes a 

blue dashed lines unnecessary. 

Minor points 

- Species names should be shown consistently (e.g., Marchantia or M. polymorpha). 

- Figures should be given in better resolution, or as vector graphics. 

- Figure 1B 

More explanation is required for controls F, L, O, and R. 

- Figure 3C 

Explanation for the color-code (green, red and yellow) in the left-most column is required. 

- Figure 4 

Panel A, readability should be improved. 

Panel B, the order of the color-code should be consistent with the graph. 

Legend, Line 544, 'D)' should be 'B)'. 

Conventional arrows and Ts for activation and repression, instead of color-codes, may be clearer to 

show the TFs' regulations (Figure S15, too). 

- Figure 4 legend, L544 

'D)' should be 'B)'. 

- Figure S1 

Labels for the vertical axis are missing in some panels. It may be simpler to remove the labels but 

explain in the legend. The order of the control batches seems odd: 'A, B, D, C, F,....N, L, M,...W, 

V, U, Q, R'. 

- Figure S8A 

The horizontal dashed line might be misleading. A vertical dashed line between 5 and 6 in the 

'InMoreThan' axis might be more consistent with the text. Also, 'genecount' and 'tfcoutnt' can be 

shown as 'Gene' and 'TF', respectively, for simplicity. 

- Table S7 

Explanation for the meaning of the color codes is needed. 

Reviewer #3 (Remarks to the Author): 

The manuscript “Cross-stress gene expression atlas of Marchantia polymorpha reveals the 

hierarchy and regulatory principles of abiotic stress responses” by Qiao Wen Tan et al. comprises 

the transcriptomic analyses to single and combined abiotic stresses in the model liverwort 

Marchantia polymorpha. The rationale to use Marchantia for this work resides in its low gene 

redundancy, which in principle could facilitate the dissection of GRNs. One of the main conclusions 

of this work is the lack of conservation between the stress responses in Arabidopsis and 

Marchantia, which in my opinion could be further substantiated by improved analyses or 

description of the current approach. The authors provide convincing data on the additive effect of 

combined stresses, which is an interesting phenomenon given that a general stress response has 

been proposed in other plants such as Arabidopsis. Moreover, the authors incorporated their data 



into two online databases (CoNekT and Marchantia eFP browser) which represent valuable tools for 

the Marchantia research community. The analyses performed in the manuscript are well explained 

and easy to follow. 

I have a few concerns about the experimental design and the conclusions drawn on this work. 

First, I understand the difficulties of comparing the exposure and response to a range of different 

stresses. Have the authors considered that the plants subjected to osmotic and salt stress (which 

present a severe growth inhibition compared to other stresses) might show a too late or 

acclimated transcriptional response? I am not sure if plants grown on 100 mM mannitol or 40 mM 

salt represent the best conditions to perform a comparative analysis with other stresses that do 

not cause such growth inhibition. I don’t think the experiments should be repeated with additional 

time points, but the authors should discuss the possibility that transcriptional changes potentially 

similar to other stress responses might have not been captured in the salt- and mannitol-treated 

plants. 

Regarding the non-conservation of the stress response between Arabidopsis and Marchantia, I am 

not sure that the differences in GRNs based on automatic ortholog predictions suffice. Do the 

analyses in Fig. 2H (MapMan) indicate that the genes regulated by the different stresses are 

involved in similar biological pathways in different plant species? If the overall response is similar 

and activated by TFs from the same family (even though not by the predicted ortholog), the 

responses in different plants would not be considered radically different. The authors could explain 

more in detail the differences between the stress response in Arabidopsis and Marchantia, given 

that this is one of the major conclusions of their work. I do not think that the claim that the stress 

responses in Arabidopsis and Marchantia are different supports the idea that the knowledge 

obtained in Arabidopsis cannot be used to be transferred to crops (lines 819-822). Phylogenetically 

and morphologically, Arabidopsis and crops are more closely related than Arabidopsis and 

Marchantia. 

The authors could explain better what are the union GRNs in Figure S9B. 

It would have been nice to have some functional validation of the GRNs in Marchantia, given its 

enormous potential as model system (carefully explained in the introduction). 

Minor points: 

Even though Marchantia is considered to have a general low gene redundancy compared to 

Arabidopsis, this is mostly true for signaling components but not for secondary metabolism. Hence, 

the fact that Marchantia has several PALs is not entirely surprising. Please keep in mind that the 

number of Marchantia genes is roughly two thirds of the total number of Arabidopsis genes. 

There is a lot of variability in the size of control plants (Fig. S1). Moreover, the 50 % growth 

inhibition of plants grown for 3 days in dark conditions is difficult to appreciate in Fig. 1B. Is this 

phenotype reproducible? 

Line 405: Please, check the references to the figures 

Line 500: Not in bottom row of S10, please correct 

TFs families in Figure 3 and S10 should have the same colors for clarity. 



A`\m O`qd`r`mn*

Lpm m`nkjin`n \m` di ]gp`

Qc` o`so oc\o dn ajpi_ di oc` h\ipn^mdko dn ^hV`^X* rcdg` \it ^c\ib`n \m` di fZY * `,b,8 {Nc giddcfh h]^g

cWgZfjVh^cb( kZ [cibY h]Vh ]ZVhps

Qc` lp\gdot ja oc` adbpm`n di ocdn _j^ph`io dn gjr`m oc\i oc` jmdbdi\g adbpm`n* _p` oj ^jiq`mndji oj MAC,

Qj n`` oc` cdbc m`njgpodji adbpm`n* kg`\n` o\f` \ gjjf \o oc` pkgj\_`_ k_an,

?`no rdnc`n*

J\m`f

OBSFBTBO @LJJBKQP

O`qd`r`m $/ (O`h\mfn oj oc` >pocjm)8

PRJJ>OV8

Qc` \pocjmn \i\gtu` _\o\ j]o\di`_ amjh `skjndib oc` kg\io* J\m^c\iod\ kjgthjmkc\* oj n`q`i

di_dqd_p\g nom`nn`n (c`\o* ^jg_* n\go* jnhjod^* gdbco* _\mf* \i_ idomjb`i _`ad^d`i^t) \i_ oj /7 k\dmrdn`

^jh]di\odjin ja ocjn` nom`nn`n, Qc` ^jinomp^o`_ \i \]djod^ b`i` `skm`nndji \og\n ja J\m^c\iod\ oj

pi_`mno\i_ cjr kg\io dio`bm\o` \i_ m`nkji_ oj oc` q\mdjpn `iqdmjih`io\g ^p`n, D`i`n oc\o r`m`

ajpi_ oj ]` _daa`m`iod\ggt `skm`nn`_ \b\dino ^jiomjgn amjh orj _daa`m`io ]\o^c`n r`m` ^jind_`m`_ ajm

apmoc`m \i\gtndn, ABDn `skm`nn`_ di 3 jm hjm` `sk`mdh`ion r`m` pn`_ oj ^\g^pg\o` b`i` m`bpg\ojmt

i`orjmfn (DOK) ajm \gg `sk`mdh`ion \i_ nom`nn+nk`^dad^ i`orjmfn pndib \ np]n`o ja `sk`mdh`ion oc\o

di^gp_`_ oc` m`nk`^odq` `sk`mdh`ion, DOK r`m` b`i`m\o`_ pndib gdi`\m m`bm`nndji rdoc `g\nod^ i`o

m`bpg\mdu\odji, Qc` \pocjmn d_`iodad`_ 53 mj]pnogt+m`nkji_dib QCn* m`q`\gdib oc\o _jhdi\io nom`nn`n

(`,b, c`\o \i_ _\mfi`nn) _daa`m`iod\ggt `skm`nn \ cdbc`m iph]`m ja QCn oc\o oc` iji+_jhdi\io nom`nn`n,

Qc` dia`mm`_ DOKn ncjr`_ oc\o oc` QCn \^odq` di oc` _jhdi\io nom`nn`n m`bpg\o` hjm` b`i`n \i_

joc`m QCn oc\i QCn amjh iji+_jhdi\io nom`nn`n, Qc`n` m`bm`nndji DOKn \gnj ncjr`_ oc\o b`i`

`skm`nndji ^c\ib`n j]n`mq`_ amjh k\dmrdn` `sk`mdh`ion ^jpg_ ]` `skg\di`_ ]t \ gdi`\m ^jh]di\odji

ja oc` gjb0 ajg_ ^c\ib` q\gp`n amjh oc` ndibg` `sk`mdh`ion, Qj h\f` oc` m`npgodib _\o\ hjm`

\^^`nnd]g`* oc`t kmjqd_` \i `CM ]mjrn`m ajm J\m^c\iod\,

OBSFBT8

Tc\o \m` oc` ijo`rjmoct m`npgon=

Qc` kmdh\mt ijo`rjmoct m`npgo amjh oc` h\ipn^mdko dn oc` md^c _\o\n`o ^\kopmdib oc` om\in^mdkodji\g

m`nkjin` ajm ndibg` \i_ ^jh]di\ojmd\g nom`nn`n, Qc` kmj^`nn ajm d_`iodatdib m`g`q\io nk`^dad^\odjin ajm

oc` ndibg` \i_ ^jh]di\ojmd\g nom`nn`n `sk`mdh`ion r`m` ntno`h\od^ \i_ kmj_p^`_ \ md^c _\o\n`o oc\o

rjpg_ ]` ja dio`m`no oj joc`m m`n`\m^c`mn di oc` ad`g_,

Qc` m`npgo d_`iodatdib oc\o ^jh]di\ojmd\g nom`nn`n ^\i ]` _`n^md]`_ \n gdi`\m ^jh]di\odjin ja oc`

m`npgon amjh ndibg` nom`nn`n dn k\mod^pg\mgt ijo`rjmoct, Qcdn om\^fn rdoc oc` gjr g`q`g ja m`_pi_\i^t

n``i di J\m^c\iod\, >gnj* oc` d_`iodad^\odji ja \ cd`m\m^ct ja nom`nn m`nkjin`n dn \gnj ijo`rjmoct,



J\ejm @ji^`min8

+ K->

Jdijm @ji^`min8

+ K->

++++++++++++++++++

Tdgg oc` rjmf ]` ja ndbidad^\i^` oj oc` ad`g_ \i_ m`g\o`_ ad`g_n= Ejr _j`n do ^jhk\m` oj oc` `no\]gdnc`_

gdo`m\opm`= Fa oc` rjmf dn ijo jmdbdi\g* kg`\n` kmjqd_` m`g`q\io m`a`m`i^`n,

Qc` m`npgodib _\o\ b`i`m\o`_* \gjib rdoc oc` r`] dio`ma\^`* rjpg_ ]` ja ndbidad^\i^` oj m`n`\m^c`mn di

oc` ad`g_, Qcdn dn \ m\oc`m `sk\indq` _\o\ n`o oc\o ^jpg_ ]` pn`_ ajm apmoc`m \i\gtndn, Qc` m`npgon c`m`

^jpg_ \gnj ]` apmoc`m ^jhk\m`_ oj ^jh]di\ojmd\g nom`nn m`nkjin` m`npgon amjh joc`m kg\ion np^c \n

h\du` \i_ >m\]d_jkndn oj ]`oo`m pi_`mno\i_ cjr oc`n` kg\ion c\q` `qjgq`_ oj c\i_g` nom`nn`n

otkd^\ggt n``i di i\opm`,

O`nkjin`8 T` oc\if oc` m`qd`r`m ajm oc` ocjmjpbc \i_ ^jinomp^odq` ^jhh`ion,

J\ejm @ji^`min8

+ K->

Jdijm @ji^`min8

+ K->

++++++++++++++++++

Aj`n oc` rjmf npkkjmo oc` ^ji^gpndjin \i_ ^g\dhn* jm dn \__dodji\g `qd_`i^` i``_`_=

Fn n``hn gdf` oc` rjmf ]mj\_gt npkkjmon oc` h\ejm ^ji^gpndjin \i_ ^g\dhn, Cpmoc`m _`n^mdkodji \i_

m`adi`h`io ja oc` \i\gtndn \i_ h`ocj_jgjbt rjpg_ c`gk oj nom`iboc`i oc` h\ipn^mdko,

J\ejm @ji^`min8

+ K->

Jdijm @ji^`min8

+ K->

++++++++++++++++++

>m` oc`m` \it ag\rn di oc` _\o\ \i\gtndn* dio`mkm`o\odji \i_ ^ji^gpndjin= Aj oc`n` kmjcd]do kp]gd^\odji

jm m`lpdm` m`qdndji=

Qc`m` \m` ndbidad^\io ag\rn di oc` dio`mkm`o\odji ja njh` ja oc` m`npgon, Mg`\n` n`` ]`gjr ajm nk`^dad^

kjdion,

J\ejm @ji^`min8

1.1 Li gdi`n 200 oj 210* \ hjm` ajmh\g dio`mkm`o\odji ]`tji_ oc` c`\oh\k ncjri di Cdbpm` 0 C \i_ D



rjpg_ ]` \kkmjkmd\o`, Cjm `s\hkg`* dn do a\dm oj n\t oc\o oc` ndhdg\mdot h`omd^ m\ib`_ amjh 3% ndhdg\mdot

oj 03% ndhdg\mdot, > lp\iodo\odq` \nn`nnh`io \i_ dio`mkm`o\odji rjpg_ ]` pn`apg,

O`nkjin`8 T` \bm`` oc\o oc`n` adbpm` k\i`gn \i_ oc` ^jmm`nkji_dib o`so ncjpg_ ]` dhkmjq`_, Qj

\__m`nn ocdn dnnp`* r` c\q` \__`_ iph]`mn oj oc`n` c`\oh\kn* \i_ \gnj _dn^pnn oc` `hkgjt`_

h`omd^n8

MhfZggZg g]ck^b\ h]Z ]^\]Zgh g^a^`Vf^hm ^b hZfag c[ >?A fZgdcbgZg Xcadf^gZ gV`h VbY aVbb^hc` [cf id)

VbY Yckb)fZ\i`VhZY \ZbZg %@^\ifZ .=( g^a^`Vf^hm jV`iZg [cf MG ^g ,*.3 VbY ,*.,( fZgdZXh^jZ`m&( gV`h VbY

b^hfc\Zb YZ[^X^ZbXm [cf idfZ\i`VhZY \ZbZg %@^\ifZ .=( g^a^`Vf^hm jV`iZ ,*.-&( VbY ]ZVh VbY YVf_bZgg [cf

YckbfZ\i`VhZY \ZbZg %@^\ifZ .>( g^a^`Vf^hm jV`iZ ,*.2&* N]Z gZh VbV`mg^g [cf bcjZ` ^bhZfVXh^cbg

fZjZV`ZY h]Vh h]Z gV`h'aVbb^hc` XcaW^bVh^cb ^bjc`jZY >?Ag h]Vh kZfZ bch [cibY ^b h]Z ^bY^j^YiV`

ghfZggZg %@^\ifZ .?)@( bcjZ` ^bhZfVXh^cb jV`iZ ,*04 VbY ,*12( [cf id) VbY YckbfZ\i`VhZY \ZbZg&(

gi\\Zgh^b\ h]Vh h]Z hkc ghfZggZg XVb VXh^jVhZ V`hc\Zh]Zf Y^[[ZfZbh fZgdcbgZg k]Zb XcaW^bZY* FVgh`m(

h]Z giddfZgg^cb VbV`mg^g g]ckZY h]Vh YVf_bZgg ^g V ghfcb\ giddfZggcf [cf aVbm ghfZggZg %bZ\Vh^jZ

giddfZgg^cb gXcfZg fVb\^b\ [fca ),*.- hc ),*21 k]Zb > ^g Ml( @^\ifZ .?)@&( ZlXZdh B> %),*,5 VbY )

,*,2 [cf id) YckbfZ\i`VhZY \ZbZg( @^\ifZ .?)@&( ^bY^XVh^b\ h]Vh ]ZVh ghfZgg VbY YVf_bZgg VfZ

XcadVfVW`m Yca^bVbh* Nc giddcfh h]^g cWgZfjVh^cb( kZ [cibY h]Vh ]ZVh ghfZgg Xci`Y giddfZgg ch]Zf

ghfZggZg %bZ\Vh^jZ giddfZgg^cb gXcfZg fVb\^b\ [fca ),*,- hc ),*05 k]Zb B ^g Ml* @^\ifZ .?)@&*

1.2 ?\n`_ ji oc` `skg\i\odji di oc` h\ipn^mdko* do n``hn gdf` oc` m`npgon di Cdbpm` P7> dn lp\iodat oc`

b`i`n \i_ oc`dm ^jmm`nkji_dib `lp\odji oc\o c\n \i O[0 q\gp` \]jq` \ ^`mo\di \hjpio, Qcpn* n`oodib

\ adgo`m ja O[0 < .,6 di_d^\o`n oc` b`i`n rc`m` oc`m` dn njh` g`q`g ja ^jiad_`i^` di oc` km`_d^odji, Qcdn

dn \ _daa`m`io dio`mkm`o\odji oc\i rc\o dn ncjri di oc` Cdbpm`* rcd^c m`a`mn oj Kph]`m ja hj_`gn, Qc`

pn` ja oc` o`mh yKph]`m ja hj_`gnz dia`mn oc\o oc` \kkmj\^c r\n m\i K iph]`m ja odh`n \i_ amjh

oc`n` K mpin* oc`n` \m` oc` m`npgodib hj_`gn (rdoc `\^c hj_`g ]`dib ^jhkmdn`_ ja oc` `lp\odjin ajm \gg

ABDn) rdoc O[0 q\gp`n < njh` q\gp`, Qc` dio`mkm`o\odji ja oc`n` m`npgon ncjpg_ ]` m`qdn`_,

O`nkjin`8 T` \bm`` oc\o oc` rjm_ {hj_`gn| hdbco ]` hdnpi_`mnojj_, Qj ^g\mdat* r` kmjqd_`_ oc`

ajggjrdib `skg\i\odji di oc` jk`idib ja oc` {Identification of high-confidence transcription factors

involved in stress response’8

{Nc ^b[Zf h]Z ghfZgg)fZgdcbg^jZ ALH %@^\ifZ M4<&( kZ igZY ?`Vgh^XHZh( k]^X] V``ckg Wi^`Y^b\ V

fZ\fZgg^cb acYZ` h]Vh XVb dfZY^Xh \ZbZ ZldfZgg^cb c[ V \ZbZ %fZgdcbgZ jVf^VW`Z&( \^jZb h]Z

ZldfZgg^cb c[ hfVbgXf^dh^cb [VXhcfg %dfZY^Xhcf jVf^VW`Zg&*|

Cpmoc`mhjm`* r` `g\]jm\o` ji oc` dio`mkm`o\odji ja Cdbpm` P7>, Qj h\f` oc` adbpm` \i_ o`so hjm` ^g`\m*

r` m`i\h`_ oc` t+\sdn yiph]`m ja ABDn rdoc hj_`gn ja \o g`\no O08

{Nc ghiYm h]Z dZf[cfaVbXZ c[ h]Z acYZ`g VXfcgg h]Z Y^[[ZfZbh ZldfZgg^cb YVhVgZhg( kZ ^bjZgh^\VhZY h]Z

biaWZf c[ >?Ag %fZgdcbgZ jVf^VW`Zg& [cf k]^X] h]Z XcffZgdcbY^b\ acYZ`g g]ckZY XcZ[[^X^Zbh c[

YZhZfa^bVh^cb %L.& \fZVhZf h]Vb cf ZeiV` hc V \^jZb jV`iZ* CbhZfZgh^b\`m( h]Z biaWZf c[ >?Ag [cf k]^X]

fZ`^VW`Z acYZ`g %L. : ,*4& Xci`Y WZ cWhV^bZY kVg `Vf\Zf k]Zb ig^b\ h]Z Xcad^`Vh^cb c[ ZldZf^aZbhg

h]Vh g]VfZY V ghfZgg( fVh]Zf h]Vb k]Zb ig^b\ V`` YVhV %@^\ifZ M5;&*|



1.3 Qc`m` \m` kg\^`n di oc` h\ipn^mdko rc`m` oc` `skg\i\odji ja oc` m`npgon \m` ^jiapndib \i_ jm _j`n

ijo agjr di \ r\t oc\o dn `\ndgt ajggjr`_, Qcdn dn \ m`npgo ja oc` pn` ja o`mhdijgjbt ijo ^jhhji di oc`

ad`g_ (n`` \]jq` ^jhh`io m`b\m_dib oc` m`a`m`i^` ja `\^c ABD `lp\odji \n \ hj_`g) jm oc`

`som\kjg\odji ja m`npgon amjh n`q`m\g adbpm`n rdocjpo \ ^g`\m ^jii`^odji, Qcdn dn \ h\ejm ag\r \i_ ncjpg_

]` ^g\mdad`_,

O`nkjin`8 T` oc\if oc` m`qd`r`m ajm m\dndib ocdn ^ji^`mi, Qj \__m`nn ocdn* r` c\q` \nf`_ jpm

^jgg`\bp`n oj m`\_ oc` h\ipn^mdko ^\m`apggt \i_ cdbcgdbco \it pi^g`\m k\mon, >n n``i di n`q`m\g kg\^`n

di oc` h\ipn^mdko* r` c\q` h\_` ^c\ib`n oj ^g\mdat oc` o`so,

Jdijm @ji^`min8

+ K->

++++++++++++++++++

Fn oc` h`ocj_jgjbt njpi_= Aj`n oc` rjmf h``o oc` `sk`^o`_ no\i_\m_n di tjpm ad`g_=

P`` ]`gjr,

J\ejm @ji^`min8

1.4 Qc` jq`m\gg h`ocj_jgjbt ajm hj_`gdib ja oc` DOK ^jpg_ ]` dhkmjq`_, Tcdg` pndib oc`n` m`npgon oj

b`o \ ]mj\_ pi_`mno\i_dib ja oc` gdi`\m m`g\odjincdk ]`or``i QCn \i_ kjo`iod\g o\mb`o b`i`n \m`

ijo`rjmoct* ocdn \kkmj\^c _j`n ijo ^\kopm` oc` no\o`+ja+\mo di ]pdg_dib b`i` m`bpg\ojmt i`orjmfn ajm

]djgjbd^\g ntno`hn, Tcdg` oc` _`q`gjkh`io ja i`r \kkmj\^c`n ajm ]pdg_dib DOKn dn ijo oc` bj\g ja oc`

h\ipn^mdko* apmoc`m epnodad^\odji ajm oc` h`ocj_jgjbt pn`_ dn r\mm\io`_, Qc` h\ipn^mdko ^jpg_ \gnj

]`i`ado amjh \ _`n^mdkodji ja oc` kmjn \i_ ^jin \nnj^d\o`_ rdoc pndib np^c \i \kkmj\^c,

O`nkjin`8 Qc` b`i` `skm`nndji q\gp`n r`m` gjb+om\inajmh`_ \i_ n^\g`_ kmdjm oj hj_`gdib9 c`i^`*

oc` m`g\odjincdk ]`or``i \ ABD* \n \ m`nkjin` b`i`* \i_ \ QCn dn iji+gdi`\m \i_ m`km`n`io`_* di

\]njgpo` ^jpion* \n \ kmj_p^o, Qcdn om\inajmh\odji dn ^jhhji \i_ dn \kkgd`_ di kmjhdi`io \kkmj\^c`n

ajm m`^jinomp^odji ja DOKn ]\n`_ ji m`bpg\mdu`_ m`bm`nndjin, Cjm dino\i^`* oc` dia`m`g\ojm \kkmj\^c

(\n admno di oc` n`md`n) \gjib rdoc I>PPL \i_ `so`indjin oc`m`ja c\n ]``i ncjri oj jpok`majmh joc`m

\kkmj\^c`n ji oc` AOB>J3 ^c\gg`ib`, T` \m` \r\m` oc\o m\i_jh ajm`non c\q` m`^`iogt ]``i pn`_



rdoc np^^`nn oj m`^jinomp^o DOKn* ]po oc`t _j ijo kmjqd_` \i `\nt r\t ajm hj_`g ^jhk\mdnji x rcd^c

dn ji` ja oc` m`\njin rct r` jko`_ oj pn` m`bpg\mdu`_ m`bm`nndjin rdocjpo ^jhkmjhdndib hj_`g

k`majmh\i^`,

T` ijr h`iodji ocdn di J&J8

{N]Z \ZbZ ZldfZgg^cb jV`iZg kZfZ `c\)hfVbg[cfaZY VbY gXV`ZY df^cf hc acYZ`^b\7 ]ZbXZ( h]Z

fZ`Vh^cbg]^d WZhkZZb h]Z ZldfZgg^cb c[ V >?A( Vg V fZgdcbgZ jVf^VW`Z( VbY h]Z ZldfZgg^cb c[ N@g( Vg

dfZY^Xhcf jVf^VW`Zg( ^g bcb)`^bZVf*|

>i_ oc` h\di o`so8

{QZ X]cgZ ?`Vgh^XHZh( g^bXZ fZ\i`Vf^nZY fZ\fZgg^cbg VX]^ZjZY XcadZh^h^jZ dZf[cfaVbXZ k]Zb

XcadVfZY hc ch]Zf ALH ^b[ZfZbXZ aZh]cYg0/( VbY ib`^_Z gcaZ c[ h]Z hcd dZf[cfa^b\ aZh]cYg %Z*\*(

AZb^Z/00&( [VX^`^hVhZ ZVg^Zf XcadVf^gcb c[ ^b[ZffZY ^bhZfVXh^cbg VXfcgg Y^[[ZfZbh YVhVgZhg*|

Jdijm @ji^`min8

+ K->

++++++++++++++++++

Fn oc`m` `ijpbc _`o\dg kmjqd_`_ di oc` h`ocj_n ajm oc` rjmf oj ]` m`kmj_p^`_=

Pdbidad^\io dhkmjq`h`io di oc` _`n^mdkodji ja oc` ^jhkpo\odji\g h`ocj_n dn i``_`_, P`` ]`gjr

^jhh`ion ajm _`o\dg`_ m`^jhh`i_\odjin,

J\ejm @ji^`min8

1.5 Mg`\n` apmoc`m _`n^md]` di oc` J\o`md\gn \i_ J`ocj_n n`^odji oc` ^jinomp^odji ja oc` gdi`\m

m`bm`nndji rdoc `g\nod^ i`o m`bpg\mdu\odji D`i` O`bpg\ojmt K`orjmf, Mg`\n` _`adi` oc` km`_d^ojmn \i_

oc` jpokpo q\md\]g`n* \gjib rdoc \it \__dodji\g ^jiom\dion oc\o \m` dhkjn`n ji oc` hj_`g, >gnj* kg`\n`

\__m`nn rct ocdn k\mod^pg\m \kkmj\^c r\n pn`_ jq`m joc`m \kkmj\^c`n _`q`gjk`_ di oc` gdo`m\opm`,

Mmjqd_dib `s\hkg`n ja oc` \kkmjkmd\o`i`nn ja ocdn hj_`g nomp^opm` ajm b`i` `skm`nndji _\o\ rjpg_

\gnj ]` q`mt c`gkapg,

O`nkjin`8 T` oc\if oc` m`qd`r`m ajm kjdiodib jpo oc` g\kn` di oc` _`n^mdkodji ja h`ocj_n, T` c\q`

pk_\o`_ oc` n`^odji oj ]`oo`m _`n^md]` oc` m`^jinomp^odji ja oc` b`i` m`bpg\ojmt i`orjmf,

rN]Z ALH kVg fZXcbghfiXhZY ig^b\ `^bZVf fZ\fZgg^cb Vg YZgXf^WZY ^b ?e* %-& k]ZfZ h]Z fZgdcbgZ

jVf^VW`Z( 0( fZdfZgZbhg h]Z jZXhcf c[ %`c\)hfVbg[cfaZY& ZldfZgg^cb `ZjZ`g c[ V >?A7 h]Z dfZY^Xhcf

jVf^VW`Zg( /( fZdfZgZbhg V aVhf^l c[ %`c\)hfVbg[cfaZY& ZldfZgg^cb `ZjZ`g c[ h]Z N@g7 VbY h]Z Zffcf hZfa(

3( c[ bcfaV``m Y^ghf^WihZY jVf^VbXZ* N]Z dVfVaZhZfg %^*Z fZ\fZgg^cb XcZ[[^X^Zbhg&( 2( kZfZ Zgh^aVhZY Wm

a^b^a^n^b\ h]Z gia c[ h]Z `cgg VbY V kZ^\]hZY XcaW^bVh^cb c[ h]Z [^fgh VbY gZXcbY bcfa c[ h]Z

fZ\fZgg^cb XcZ[[^X^Zbhg( hZfaZY ?`Vgh^XHZh fZ\i`Vf^nVh^cb /0 Vg YZgXf^WZY ^b ?e* %.&( k]^X] dfcj^YZY V

\ccY Xcadfca^gZ WZhkZZb acYZ` gdVfg^hm %^*Z*( [ZVhifZ gZ`ZXh^cb XcffZgdcbY^b\ hc h]Z ^bX`ig^cb c[

hfVbgXf^dh^cb [VXhcfg ^b h]Z acYZ`& VbY acYZ` Zld`VbVhcfm dckZf*
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N]fZZ) VbY [^jZ)[c`Y Xfcgg)jV`^YVh^cb kZfZ igZY [cf h]Z ghfZgg)gdZX^[^X YVhV VbY V`` YVhV( fZgdZXh^jZ`m(

hc YZhZfa^bZ h]Z cdh^aV` | %F- fZ\i`Vf^nVh^cb7 ,*- hc ,*5( ,*- ghZdg& VbY z %F. fZ\i`Vf^nVh^cb7 ,( ,*,,-(

,*,-( ,*,1( ,*-( ,*1( -( -*1( .( -,( -,,& h]Vh fZgi`hZY ^b h]Z `ckZgh XcZ[[^X^Zbh c[ jVf^Vh^cb [cf ZVX]

acYZ`* QZ [^`hZfZY [cf \ccY eiV`^hm acYZ`g k^h] L. : ,*4 %@^\ifZ M5;&*|

T` ijr h`iodji oc` m`\nji ajm pndib Bg\nod^K`o jq`m joc`m \kkmj\^c`n8

{QZ X]cgZ ?`Vgh^XHZh( g^bXZ fZ\i`Vf^nZY fZ\fZgg^cbg VX]^ZjZY XcadZh^h^jZ dZf[cfaVbXZ k]Zb

XcadVfZY hc ch]Zf ALH ^b[ZfZbXZ aZh]cYg0/( VbY ib`^_Z gcaZ c[ h]Z hcd dZf[cfa^b\ aZh]cYg %Z*\*(

AZb^Z/00&( [VX^`^hVhZ ZVg^Zf XcadVf^gcb c[ ^b[ZffZY ^bhZfVXh^cbg VXfcgg Y^[[ZfZbh YVhVgZhg*|

1.6 Li gdi` 040* kg`\n` hjm` `skgd^dogt _`adi` rc\o dn h`\io ]t y\nnj^d\o`_ rdocz

O`nkjin`8 T` c\q` ^g\mdad`_ oc` \nnj^d\odji oj `skgd^dogt h`iodji oc` m`bpg\ojmt m`g\odjincdkn ajpi_

]`or``i J\kh\i ]di \i_ QC di oc` ajggjrdib o`so8

rLcWigh`m)fZgdcbY^b\ GVdGVb W^bg %@^\ifZ M-/& kZfZ Xcbg^YZfZY hc WZ fZ\i`VhZY Wm fcWigh`m

fZgdcbY^b\ N@g ^[ Vh `ZVgh 1# c[ h]Z \ZbZg %@^\ifZ M-0& ^b h]Z GVdGVb W^b kZfZ fZ\i`VhZY Wm h]Z N@

^b cif ALH %@^\ifZ 0=( > VbY M-1&*s

1.7 Li gdi` 154* oc` \pocjmn no\o` oc\o orj ^jiomjgn o\f`i \o oc` ]`bdiidib \i_ hd__g` ja oc`

`sk`mdh`io r`m` pn`_ oj \nn`nn _daa`m`iod\g `skm`nndji, Mg`\n` apmoc`m _`n^md]` rc\o dn h`\io ]t

yhd__g` ja oc` `sk`mdh`ioz, >gnj* ocdn ncjpg_ ]` _`n^md]`_ di _`o\dg di oc` J\o`md\gn \i_ J`ocj_n

n`^odji,

O`nkjin`8 T` c\q` pk_\o`_ oc` J\o`md\gn \i_ J`ocj_n n`^odji \i_ oc` o`so oj `skg\di oc` n`g`^odji

ja oc` orj ^jiomjgn8

r>iZ hc Zei^daZbh XcbghfV^bhg( h]Z ZldZf^aZbh kVg XVff^ZY cih cjZf .. WVhX]Zg* McaZ jVf^VW^`^hm ^b

g^nZ kVg cWgZfjZY ^b h]Z Xcbhfc`g %@^\ifZ M-&* Nc VXXcibh [cf h]^g jVf^VW^`^hm( kZ ]VjZ gZeiZbXZY

Xcbhfc`g [fca WVhX]Zg @ VbY F hc ^adcgZ V acfZ ghf^b\Zbh Xf^hZf^V [cf h]Z ^YZbh^[^XVh^cb c[ Y^[[ZfZbh^V`

\ZbZ ZldfZgg^cb*s

Fi oc` m`npgon* r` \__m`nn`_ ocdn rdoc8

{kZ [^fgh ^YZbh^[^ZY Y^[[ZfZbh^V``m ZldfZggZY \ZbZg ^b h]Z g^b\`Z ghfZggZg VbY h]Z -4 XcaW^bVh^cbg c[ hkc

ghfZggZg* @cf acfZ fcWigh ^b[ZfZbXZg( kZ igZY hkc Xcbhfc`g %\fckb cb ]V`[)ghfZb\h] AVaWcf\ <)1

<VgV` V\Vf Vh .0c= ibYZf Xcbh^bicig F?> `^\]h Vh 2, }?a).g)-& hV_Zb [fca WVhX]Zg @ VbY F VbY

Xcbg^YZf|

1.8 > a`r n`io`i^`n _`n^md]dib oc` h`omd^n _`adi`_ amjh gdi`n 2.6 oj 20/ rjpg_ ]` c`gkapg, >

_`n^mdkodji ja cjr oc`n` n`o+]\n`_ h`omd^n \m` dio`mkm`o`_ ajm ocdn k\mod^pg\m _\o\ n`o rjpg_ ]` c`gkapg,

O`nkjin`8 T` c\q` apmidnc`_ \i `s\hkg` ja oc` dio`mkm`o\odji ja ^jg_+_\mf nom`nn di oc` h\di o`so oj

npkkjmo oc` dio`mkm`o\odji ja oc` n`o h`omd^n8

{Og^b\ h]Z XcadVf^gcb c[ idfZ\i`VhZY \ZbZg ^b Xc`Y'YVf_ Vg Vb ZlVad`Z %@^\ifZ .=&( h]Z g^a^`Vf^hm

WZhkZZb idfZ\i`VhZY \ZbZg ^b Xc`Y VbY YVf_ ^g `ck %k]^hZ [^Z`Y( ,*,0&* @ifh]ZfacfZ( Xc`Y'YVf_

XcaW^bVh^cb g]ckZY V XcadVfVW`m ]^\] dfcdcfh^cb c[ bcjZ` ^bhZfVXh^cbg %aZY^ia W`iZ( ,*/3&(



^bY^XVh^b\ h]Vh h]Z XcaW^bZY Xc`Y'YVf_ ghfZgg idfZ\i`VhZg \ZbZg bch [cibY ^b Z^h]Zf Xc`Y cf YVf_

ghfZgg* FVgh`m( h]Z giddfZgg^cb VbV`mg^g %@^\ifZ .?& fZjZV`ZY V dcg^h^jZ jV`iZ %`^\]h fZY [^Z`Y( ,*..&(

^bY^XVh^b\ h]Vh h]ZfZ ^g V ]^\] dfcdcfh^cb c[ \ZbZg h]Vh VfZ idfZ\i`VhZY Yif^b\ Xc`Y( Wih bch idfZ\i`VhZY

^b Xc`Y'YVf_* N]^g ^bY^XVhZg h]Vh YVf_bZgg giddfZggZg dVfh c[ h]Z idfZ\i`VhZY Xc`Y ghfZgg fZgdcbgZ*|

1.9 > _`n^mdkodji ja oc` ^gpno`mdib \kkmj\^c pn`_ di Cdbpm` 0E di oc` J\o`md\gn \i_ J`ocj_n rjpg_ ]`

pn`apg, Mg`\n` \gnj _`n^md]` cjr do r\n dhkg`h`io`_, T`m` jigt b`i`n oc\o r`m` ^jhhjigt

_daa`m`iod\ggt `skm`nn`_ \^mjnn \gg `sk`mdh`ion pn`= T`m` oc` m`npgodib q\gp` (R* RA* A* jm K)

^\g^pg\o`_ \n oc` \q`m\b` q\gp` ja \gg b`i`n di oc\o n`o jm jigt oc` b`i` ^jmm`nkji_dib oj oc` J\kh\i

]di= Qc`n` _`o\dgn rjpg_ c`gk rdoc oc` dio`mkm`o\odji ja oc`n` m`npgon,

O`nkjin`8 T` oc\if oc` m`qd`r`m ajm cdbcgdbcodib oc` g\^f ja _`n^mdkodji c`m` \i_ c\q` apmidnc`_ oc`

ajggjrdib di oc` J\o`md\gn \i_ J`ocj_n8

rIdentification of transcription factors and differentially expressed pathways

{Nc ^YZbh^[m k]^X] ghfZggZg %Xc`iabg& VbY W^c`c\^XV` dVh]kVmg %fckg& kZfZ g^a^`Vf( kZ [^fgh XV`Xi`VhZY

h]Z DVXXVfY Y^ghVbXZ %D>& WZhkZZb V`` Xc`iabg+fckg* N]Z D> jV`iZg kZfZ igZY hc Wi^`Y V XcbYZbgZY

Y^ghVbXZ aVhf^l k]^X] kVg igZY Vg ^bdih [cf h]Z ]^ZfVfX]^XV` X`ighZf^b\ V`\cf^h]a*|

1.10 Qcdn m`qd`r`m dn pi^g`\m ja oc` o`mhdijgjbt pn`_ ji gdi` 247, Qc` gdi` no\o`n oc\o 3.*.34

Bg\nod^K`o hj_`gn r`m` b`i`m\o`_ (d,`,* 4035 (ijo` otkj di h\ipn^mdko) ABDn ajm `dbco nom`nn

_\o\]\n`n), Qcdn m`qd`r`m dn pia\hdgd\m rdoc m`a`mmdib oj \ ndibg` `lp\odji ajm \ ndibg` ABD \n \

yhj_`gz, Qc` hj_`g otkd^\ggt m`a`mn oj oc` ^jgg`^odji ja `lp\odjin ajm `\^c ABD* rcd^c r\n `nodh\o`_

pndib \gg jm \ np]n`o ja oc` _\o\, Fa oc` o`mhdijgjbt pn`_ di ocdn h\ipn^mdko c\n ]``i pn`_ `gn`rc`m`*

kg`\n` kmjqd_` \ m`a`m`i^`,

O`nkjin`8 T` cjk` oc\o oc` ^g\mdad^\odji kmjqd_`_ \]jq` h\f`n do hjm` ^g`\m (r` c\q` ^jmm`^o`_ oc`

otkj)8

{Nc ^b[Zf h]Z ghfZgg)fZgdcbg^jZ ALH %@^\ifZ M4<&( kZ igZY ?`Vgh^XHZh( k]^X] V``ckg Wi^`Y^b\ V

fZ\fZgg^cb acYZ` h]Vh XVb dfZY^Xh \ZbZ ZldfZgg^cb c[ V \ZbZ %fZgdcbgZ jVf^VW`Z&( \^jZb h]Z

ZldfZgg^cb c[ hfVbgXf^dh^cb [VXhcfg %dfZY^Xhcf jVf^VW`Zg&*s

1.11 Li gdi` 432* kg`\n` ^g\mdat rc`oc`m ocdn dn ndhdg\m oj rc\o dn ncjri di Cdbpm` 4A* epno aj^pn`_

nk`^dad^\ggt ji \ ndibg` nom`nn,

O`nkjin`8 Qcdn n`^odji k`mo\din oj oc` m`bm`nndji \i\gtndn ja ndibg` b`i`n* m\oc`m oc\i \q`m\b`n

(Cdbpm` 4A), T` c\q` apmoc`m ^g\mdad`_ oc` _daa`m`i^`n ]`or``i oc` m`bm`nndji m`npgon ncjri di Cdbpm`

4A \i_ Cdbpm` 5>+D8

{Nc [ifh]Zf ZlVa^bZ ]ck kZ`` Mlm XVb WZ Zld`V^bZY Wm h]Z `c\.[X jV`iZg c[ h]Z ^bY^j^YiV` \ZbZg( fVh]Zf

h]Vb VjZfV\Zg %@^\ifZ 2=& [fca h]Z dZfgdZXh^jZ c[ jVf^cig ghfZggZg( kZ dZf[cfaZY Vbch]Zf /)

Y^aZbg^cbV` `^bZVf fZ\fZgg^cb %@^\ifZ 3;)A&( k]ZfZ h]Z l)Vl^g %Ml& VbY m)Vl^g %Mm& c[ h]Z Xc`Y)XZbhf^X

%@^\ifZ 3;& d`ch fZdfZgZbhg ^bY^j^YiV` \ZbZ ZldfZgg^cb jV`iZg [fca Xc`Y ghfZgg VbY V`` ch]Zf ghfZggZg

fZgdZXh^jZ`m* Q]^`Z h]Z L. jV`iZg YfcddZY( k]^X] ^g bch ibZldZXhZY Vg h]Z [^fgh VbV`mg^g ^b @^\ifZ 2>

kVg YcbZ cb VjZfV\ZY `c\.[X jV`iZg k]^X] `^_Z`m gacch]ZY cih \ZbZ)gdZX^[^X jVf^Vh^cbg ^b \ZbZ

ZldfZgg^cb( h]Z fZgi`h^b\ acYZ`g Xci`Y gh^`` Vddfcl^aVhZ h]Z ZldZXhZY jV`iZg kZ`` %L. 9 ,*13),*23&*|



1.12 Mg`\n` apmoc`m `skg\di cjr oc` m`bm`nndji hj_`gn r`m` ^jinomp^o`_ ajm Cdbpm` 4A \i_ Cdbpm` 5>+

D, Mg`\n` _`n^md]` rc\o _\o\ r`m` pn`_ ajm `\^c \i_ cdbcgdbco oc` m`g`q\i^` ja oc` m`_p^` O[0

q\gp`n ajm oc` g\oo`m,

O`nkjin`8 T` pk_\o`_ oc` h\o`md\g \i_ h`ocj_n oj _`n^md]` cjr oc` m`bm`nndji hj_`gn r`m`

^jinomp^o`_ ajm Cdbpm`n 4A \i_ 5>+D,

‘Linear regression of gene expression

NfZbYg ^b \ZbZ ZldfZgg^cb Yif^b\ XcaW^bZY ghfZgg kZfZ fZjZV`ZY ig^b\ cfY^bVfm `ZVgh geiVfZg %IFM&

fZ\fZgg^cb* @cf h]Z \ZbZfV` hfZbY( kZ [^fgh \fcidZY h]Z ZldfZgg^cb jV`iZg %`c\.[X& VXXcfY^b\ hc h]Z 5

dcgg^W`Z XcaW^bVh^cbg c[ fZgdcbgZg ^b Ml VbY Mm %^*Z** YckbfZ\i`VhZY+idfZ\i`VhZY+bc X]Vb\Z ^b Ml

VbY Mm& [cf ZVX] ghfZgg( k]ZfZ Ml fZdfZgZbhg h]Z ghfZgg c[ ^bhZfZgh* N]Z `c\.[X jV`iZg kZfZ h]Zb

VjZfV\ZY* Cb VYY^h^cb( `^bZVf fZ\fZgg^cb g]ckb ^b @^\ifZ 3;)A kVg dZf[cfaZY cb bcb)VjZfV\ZY \ZbZ

ZldfZgg^cb jV`iZg [cf ZVX] ghfZgg \fcid ^bYZdZbYZbh`m* @cf ZlVad`Z( [cf Xc`Y ghfZgg( h]^g k^`` ^bjc`jZ

Mlm c[ =>( =F( =H( =M VbY =G( k]ZfZ Ml ^g = VbY Mm VfZ V`` ch]Zf XcffZgdcbY^b\ ghfZggZg* ;

ghVbYVfY `^bZVf fZ\fZgg^cb c[ h]Z %VjZfV\ZY& `c\.[X kVg dZf[cfaZY ig^b\ h]Z gX^_^h)`ZVfb `^bZVf acYZ`

dVX_V\Z %`^bZVfUacYZ`& k^h] Mlm Vg h]Z fZgdcbgZ jVf^VW`Z VbY Ml VbY Mm Vg h]Z dfZY^Xhcf jVf^VW`Zg*|

T` c\q` di^gp_`_ \ _`n^mdkodji ji oc` ndbidad^\i^` ja oc` _`^m`\n`_ O0 q\gp`n di oc` np]n`lp`io

\i\gtn`n,

rQ]^`Z h]Z L. jV`iZg YfcddZY( k]^X] ^g bch ibZldZXhZY Vg h]Z [^fgh VbV`mg^g ^b @^\ifZ 2> kVg YcbZ cb

VjZfV\ZY `c\.[X jV`iZg k]^X] `^_Z`m gacch]ZY cih \ZbZ)gdZX^[^X jVf^Vh^cbg ^b \ZbZ ZldfZgg^cb( h]Z

fZgi`h^b\ acYZ`g Xci`Y gh^`` Vddfcl^aVhZ h]Z ZldZXhZY jV`iZg kZ`` %L. 9 ,*13),*23&*s

Jdijm @ji^`min8

1.13 Li gdi` 242* kg`\n` ]` `skgd^do di m`a`m`i^dib rc\o oc` m`nkjin` q\md\]g`n (\nnph`_ oj ]` oc`

_daa`m`iod\ggt `skm`nn`_ b`i`n) \i_ rc\o oc` km`_d^ojm q\md\]g`n \m` (\nnph`_ oj ]` oc` _daa`m`iod\ggt

`skm`nn`_ QCn),

O`nkjin`8 T` hj_dad`_ oc` rmdodib oj ]` hjm` `skgd^do8

rNc ^b[Zf h]Z ghfZgg)fZgdcbg^jZ ALH %@^\ifZ M4<&( kZ igZY ?`Vgh^XHZh( k]^X] V``ckg Wi^`Y^b\ V

fZ\fZgg^cb acYZ` h]Vh XVb dfZY^Xh \ZbZ ZldfZgg^cb c[ V \ZbZ %fZgdcbgZ jVf^VW`Z&( \^jZb h]Z

ZldfZgg^cb c[ hfVbgXf^dh^cb [VXhcfg %dfZY^Xhcf jVf^VW`Zg&* s

++++++++++++++++++

>__dodji\g @jhh`ion8

1.14 Fi n`q`m\g adbpm` ^\kodjin* ^`mo\di k\i`gn di oc` adbpm` \m` ijo _`n^md]`_, Fi Cdbpm` 0* ajm `s\hkg`*

k\i`gn C) \i_ D) \m` ijo _`n^md]`_ di oc` ^\kodji, Mg`\n` m`qd`r \gg adbpm` ^\kodjin oj `inpm` oc\o

`\^c k\i`g dn _`n^md]`_ \_`lp\o`gt,

O`nkjin`8 T` oc\if oc` m`qd`r`m ajm nkjoodib ocdn, T` c\q` \h`i_`_ oc` adbpm`n \i_ oc` adbpm`

g`b`i_n, Cjm `s\hkg`* n`q`m\g k\i`gn di Cdbpm` 0 \m` ^c\ib`_* \i_ r` c\q` \h`i_`_ oc` ^\kodjin

\^^jm_dibgt,

1.15 Li gdi` 152* oc`m` n``hn oj ]` \ otkj di oc\o n`io`i^`,

O`nkjin`8 T` c\q` `_do`_ oc` n`io`i^`8



rNc WZhhZf ibYZfghVbY ]ck GVfX]Vbh^V fZgdcbYg hc ghfZggZg( kZ [^fgh ^YZbh^[^ZY Y^[[ZfZbh^V``m ZldfZggZY

\ZbZg ^b h]Z g^b\`Z ghfZggZg VbY h]Z -4 XcaW^bVh^cbg c[ hkc ghfZggZg*

1.16 Li gdi` 003* kg`\n` `skgd^dogt _`adi` rc\o Yg\h]_\ \i_ Y\gkc\ \m`, Qcdn m`qd`r`m \nnph`n oc\o

oc`n` \m` oc` I/ \i_ I0 m`bpg\mdu\odji q\md\]g`n ]po ocdn ncjpg_ ]` `skgd^dogt h`iodji`_ di oc` o`so da

ocdn dn oc` ^\n`,

O`nkjin`8 T` c\q` ^g\mdad`_ ocdn rdoc oc` ajggjrdib `_don8

rN]fZZ) VbY [^jZ)[c`Y Xfcgg)jV`^YVh^cb kZfZ igZY [cf h]Z ghfZgg)gdZX^[^X YVhV VbY V`` YVhV( fZgdZXh^jZ`m(

hc YZhZfa^bZ h]Z cdh^aV` | %F- fZ\i`Vf^nVh^cb7 ,*- hc ,*5( ,*- ghZdg& VbY z %F. fZ\i`Vf^nVh^cb7 ,( ,*,,-(

,*,-( ,*,1( ,*-( ,*1( -( -*1( .( -,( -,,& h]Vh fZgi`hZY ^b h]Z `ckZgh XcZ[[^X^Zbh c[ jVf^Vh^cb [cf ZVX]

acYZ`* QZ [^`hZfZY [cf \ccY eiV`^hm acYZ`g k^h] L. : ,*4 %@^\ifZ M5;&*s

1.17 Fi Cdbpm` P7* kg`\n` di_d^\o` oc` h\s q\gp` ja oc` G\^^\m_ di_`s di oc` ^\kodji,

O`nkjin`8 Qc` h\sdhph j]n`mq`_ q\gp` ajm G\^^\m_ di_`s dn di_d^\o`_ di oc` pk_\o`_ adbpm` ^\kodji8

{GVl^aia jV`iZ c[ DVXXVfY ^bYZl kVg cWgZfjZY ^b rOb^cb %-&s Vh ,*,-5*|

1.18 Li gdi` 03/* kg`\n` kmjqd_` \ m`a`m`i^` ajm oc` J\kh\i jiojgjbt

O`nkjin`8 T` c\q` \__`_ oc` m`a`m`i^` oj J\kh\i jiojgjbt8

{Nc ibYZfghVbY ]ck gdZX^[^XV``m fZ\i`VhZY hfVbgXf^dh^cb [VXhcfg a^\]h WZ V[[ZXh^b\ XZfhV^b W^c`c\^XV`

dfcXZggZg( kZ hcc_ hfVbgXf^dh^cb [VXhcfg VbY gZXcbY)`ZjZ` GVdaVb W^bg/. h]Vh|

1.19 Qc`m` \m` kg\^`n di oc` k\k`m oc\o m`a`m oj /6 ^jh]di\odjin ja nom`nn`n \i_ oc`m` \m` kg\^`n oc\o

m`a`m oj /7 ^jh]di\odjin ja nom`nn`n, Mg`\n` ^jmm`^o oc` _dn^m`k\i^t

O`nkjin`8 T` c\q` `_do`_ oc` ajggjrdib n`io`i^` di gdi` 127 oj ^g\mdat oc` _dn^m`k\i^t8

{N]Z fZgi`h^b\ dVbZ` c[ 3 g^b\`Z ghfZggZg( -4 XcaW^bVh^cbg c[ hkc ghfZggZg %ZlX`iY^b\ ]ZVh)`^\]h h]Vh

fZgi`hZY ^b d`Vbh YZVh]&|

1.20 Cdbpm` 0? _j`n ijo ncjr k\mod^pg\mgt ijo`rjmoct m`npgon \i_ h\t ]` hjm` \kkmjkmd\o` \n \

npkkg`h`io\g adbpm`,

O`nkjin`8 T` \bm`` oj hjq` do \n npkkg`h`io\mt Cdbpm` 2?,

1.21 Qc` \pocjmn h`iodji \kkmj\^c`n ijo `skgd^dogt _`n^md]`_ di oc` h\ipn^mdko (`,b, yRkP`o kgjoz ji

gdi` 171), > gdif ajm ocdn r\n kmjqd_`_ di oc` adbpm` ^\kodji ]po h`iodji ja ocdn gdif \i_-jm \ m`a`m`i^`

h\t ]` \kkmjkmd\o` ajm oc` h\di h\ipn^mdko,

O`nkjin`8 T` ijr di^gp_` oc` m`a`m`i^`n ajm RkP`o kgjo di oc` h\di o`so8

{QZ igZY h]Z OdMZh d`ch0. hc Z`iX^YVhZ h]ZgZ g^a^`Vf^h^Zg( k]^X] g]ckg h]Z ^bhZfgZXh^cb c[ ai`h^d`Z gZhg

[cf idfZ\i`VhZY %@^\ifZ M1;& VbY YckbfZ\i`VhZY %@^\ifZ M1<& \ZbZg*|

1.22 Cjm Cdb, P3* kg`\n` di_d^\o` rc\o oc\o ^jgphin m`km`n`io

O`nkjin`8 Rk_\o`_ oc` adbpm` g`b`i_ ajm ^g\mdot8

{Lckg fZdfZgZbh h]Z jVf^cig ghfZgg XcbY^h^cbg VbY Xc`iabg fZdfZgZbh h]Z \ZbZg h]Vh VfZ [cibY ^b h]Z

dVfh^Xi`Vf \fcid c[ gZhg ^bY^XVhZY Wm h]Z Ychg VbY XcbbZXh^b\ `^bZg* N]Z OdMZh d`ch dVX_V\Z ^g

VjV^`VW`Z [fca ]hhdg6++idgZhd`ch*fZVYh]ZYcXg*^c+Zb+ghVW`Z+*|



1.23 Qc`m` dn \ otkj ji gdi` 247, 4053 ncjpg_ ]` 4035,

O`nkjin`8 T` oc\if oc` m`qd`r`m ajm nkjoodib oc` otkj8

{2.132.31 >?Ag [cf Z^\]h ghfZgg YVhVgZhg|

T` rjpg_ gdf` oj oc\if oc` m`qd`r`m ajm oc`n` ^jinomp^odq` ^jhh`ion,



O`qd`r`m $0 (O`h\mfn oj oc` >pocjm)8

Mg\ion \m` n`nndg` \i_ ocpn do dn ^mdod^\g ajm oc`h oj \^^gdh\o` oc`hn`gq`n oj ^c\ibdib `iqdmjih`ion ]t

\kkmjkmd\o`gt \_epnodib b`i` `skm`nndji kmjadg`, Qj pi_`mno\i_ oc` ]\nd^ om\in^mdkodji\g m`bpg\ojmt

h`^c\idnh \b\dino q\mdjpn \]djod^ nom`nn`n di kg\ion* oc` \pocjmn n`g`^o`_ oc` gdq`mrjmo J\m^c\iod\

kjgthjmkc\ \n \ hj_`g* ja rcd^c b`i` m`bpg\ojmt ntno`h dn g`nn m`_pi_\io oc\i ocjn` di joc`m hj_`g

kg\ion, ?t ^jhk\mdib om\in^mdkodji\g kmjadg`n di J, kjgthjmkc\ pi_`m ndibg` jm ^jh]di`_ \]djod^

nom`nn`n* oc` \pocjmn m`^jinomp^o`_ b`i` m`bpg\ojmt i`orjmfn (DOKn) nk`^dad^ oj `\^c nom`nn ^ji_dodji

\i_ ^jhk\m`_ oc`h* m`q`\gdib oc\o oc`m` \m` cd`m\m^ct di oc` nom`nn DOKn \i_ oc\o \ DOK ajm orj

nom`nn`n di ^jh]di\odji dn \ ndhkg` \mdoch`od^ \__dodji ja DOKn ajm `\^c ja oc` nom`nn`n, >gnj m`q`\g`_

\m` om\in^mdkodji a\^ojmn oc\o \m` gdf`gt diqjgq`_ di m`bpg\odib DOKn j]n`mq`_, Qc`i oc` \pocjmn

^jhk\m`_ oc` QC+m`bpg\ojmt i`orjmfn ja J, kjgthjmkc\ \i_ >, oc\gd\i\ oj adi_ hdijm ^jin`mq\odji

]`or``i oc`h, Cdi\ggt* oc` \pocjmn diomj_p^` \ J\m^c\iod\+q`mndji ja `CM ]mjrn`m \i_ @jK`fQ

_\o\]\n`* rcd^c ncjpg_ c`gk pn`mn `skgjm` oc` om\in^mdkodji\g \i_ api^odji\g \nk`^on ja oc` J,

kjgthjmkc\ b`ijh`,

Pjh` ja oc` m`g`q\io adi_dibn ja ocdn nop_t \m` oc` cd`m\m^ct di oc` nom`nn DOKn \i_ oc` \__dodq`

i\opm` ja om\in^mdkodji\g m`nkjin` \b\dino \]djod^ nom`nn`n, >gocjpbc oc`dm h`^c\idnhn \i_ ]djgjbd^\g

ndbidad^\i^` \m` kjjmgt _dn^pnn`_* oc` dio`mkm`o\odjin \m` npkkjmo`_ ]t oc` _\o\ kmjqd_`_,

2.1 Ejr`q`m* \ijoc`m ^g\dh oc`t h\_`* d,`,* oc` nom`nn+m`g\o`_ QC+m`bpg\ojmt i`orjmfn di J,

kjgthjmkc\ \i_ >, oc\gd\i\ \m` kjjmgt ^jin`mq`_ dn g`nn ^jiqdi^dib, Qj `q\gp\o` oc` _`bm`` ja

^jin`mq\odji di DOK* do ncjpg_ ]` hjm` \kkmjkmd\o` oj ^jhk\m` jmocjgjbjpn b`i`n oc\o \m` m`bpg\o`_

]t \ bdq`i QC* dino`\_ ja b`i`n oc\o c\q` ndhdg\m ]djgjbd^\g api^odjin* ]`^\pn` oc` n\h` ]djgjbd^\g

jpo^jh` ^\i ]` kmjqd_`_ ]t _daa`m`io b`i`n jm oc` ]djgjbd^\g jpo^jh`n ja \ bdq`i n`o ja

jmocjgjbn-k\m\gjbn ^\i _daa`m`iod\o` (i`japi^odji\gdu\odji),

O`nkjin`8 T` \bm`` rdoc oc` m`qd`r`m oc\o oc`n` \i\gtn`n ncjpg_ ]` nom`iboc`i`_, @jin`lp`iogt* r`

c\q` `sk\i_`_ oc` n`^odji ji oc` ^jhk\mdnji ja J\m^c\iod\ \i_ >m\]d_jkndn QC b`i` a\hdgd`n, Fi

\__dodji* r` c\q` di^gp_`_ oc` _dn^pnndji m`b\m_dib Cdbpm` P7 oj \^^jpio ajm oc` ^jhk\mdnji ja b`i`n

m`bpg\o`_ ]t oc` jmocjgjbn ja >m\]d_jkndn \i_ J\m^c\iod\, Cdi\ggt* ]\n`_ ji oc` ^jhh`ion ja oc`

m`qd`r`m \i_ m`qd`r`m 1* r` c\q` `sk\i_`_ oc` \i\gtndn ]t gjjfdib \o oc` _daa`m`iod\ggt `skm`nn`_

b`i` a\hdgd`n di J\m^c\iod\ \i_ >m\]d_jkndn, Qc` \i\gtndn m`q`\g`_ \ no\odnod^\ggt ndbidad^\io

^jin`mq`_ m`nkjin` ]`or``i oc` orj nk`^d`n (Mg`\n` n`` ]`gjr), @jin`lp`iogt* r` m`hjq`_ oc`

nomjib no\o`h`io ^g\dhdib ij ^jin`mq\odji ]`or``i oc` orj nk`^d`n,

{Nmd^XV``m( ZVX] GVfX]Vbh^V N@ ]Vg aVbm ;fVW^Ycdg^g cfh]c`c\g YiZ hc `Vf\Zf \ZbZ [Va^`^Zg ^b

;fVW^Ycdg^g( VbY h]Z [ibXh^cbg c[ h]Z ;fVW^Ycdg^g cfh]c`c\g VfZ VbbchVhZY WVgZY cb Zj^YZbXZ [fca

`^hZfVhifZ cf \ZbZ ZldfZgg^cb [fca h]Z Z@J WfckgZf VW^ch^X ghfZgg YVhVgZh/3 %NVW`Z M4&* Nc giaaVf^nZ

h]Z [^bY^b\g( kZ \fcidZY h]Z GVfX]Vbh^V N@g VXXcfY^b\ hc h]Z ghfZgg)gdZX^[^X cXXifZbXZ VbY XcibhZY

h]Z biaWZf c[ `^hZfVhifZ VbY \ZbZ ZldfZgg^cb Zj^YZbXZ ^b h]Z XcffZgdcbY^b\ ;fVW^Ycdg^g cfh]c`c\g

%@^\ifZ 1;( NVW`Z M5&*|

Cdidncdib n`io`i^`n8

{N]Z VbV`mg^g fZjZV`ZY h]Vh [cf V`` ghfZggZg( k^h] h]Z ZlXZdh^cb c[ YVf_( h]Z biaWZf c[ g^a^`Vf \ZbZ

ZldfZgg^cb [Va^`^Zg h]Vh VfZ Y^[[ZfZbh^V``m ZldfZggZY ^b h]Z ghfZggZg ^g ]^\]Zf h]Vb ZldZXhZY Wm X]VbXZ

%@^\ifZ 1>( h]Z cWgZfjZY DC ^g V W`VX_ Ych( g^\b^[^XVbh`m ]^\]Zf DC jV`iZg VfZ ^bY^XVhZY Wm W`VX_



VghZf^g_&* N]^g ^bY^XVhZg h]Vh YZgd^hZ h]Z gZZa^b\`m Y^[[ZfZbh fZgdcbgZg %@^\ifZ 1;)=&( h]Z hkc d`Vbhg

Y^[[ZfZbh^V``m ZldfZgg V g^a^`Vf gZh c[ \ZbZ [Va^`^Zg %@^\ifZ 1>&*|

T` \gnj h\_` apmoc`m ^c\ib`n oj oc` \]nom\^o \i_ _dn^pnndji (kg`\n` n`` jpm m`kgd`n \i_ \i\gtndn oj

m`qd`r`m 1),

2.2 >gnj* oc` ^g\dh oc\o fijrg`_b` b\di`_ amjh hj_`g nk`^d`n np^c \n >m\]d_jkndn h\t ijo \kkgd^\]g`

oj ^mjk nk`^d`n dn ijo k`mnp\ndq` ]`^\pn` >, oc\gd\i\ dn ]t a\m g`nn _dq`mb`_

amjh ^mjk nk`^d`n oc\i amjh J, kjgthjmkc\,

O`nkjin`8 T` m`qd`r`_ oc` ^g\dh \i_ \bm`` rdoc oc` m`qd`r`m oc\o oc` ^g\dh dn pia\dm \i_ m`qdn`_ oc`

no\o`h`io8

{N]^g gi\\Zghg h]Vh ZVX] acYZ` d`Vbh igZg V Y^[[ZfZbh ghfVhZ\m hc VXX`^aVhZ hc ghfZgg( VbY

Xcbg^YZfVh^cbg fZ\VfY^b\ h]Z d]m`c\ZbZh^X Y^ghVbXZ WZhkZZb acYZ` gdZX^Zg VbY Xfcdg c[ ^bhZfZgh

g]ci`Y WZ VXXcibhZY [cf k]Zb VhhZadh^b\ hc aV_Z _bck`ZY\Z hfVbg[Zfg [fca V acYZ` d`Vbh hc Xfcdg*|

Qc`m` \m` njh` hjm` dnnp`n \n gdno`_ ]`gjr8

2.3 Idi`n 1/5+1/6* 'Pdibg` nom`nn`n ncjr`_ q\mtdib _`bm``n ja `aa`^o ji kg\io bmjroc ji _\t /3'

Ppkkg`h`io\mt Cdbpm` P/ ncjrn ^jind_`m\]g` q\md\odjin di ^jiomjgn (A\tn /3 \i_ 0/), >m` oc`

'ndbidad^\io _daa`m`i^`n' j]n`mq`_ di oc` `sk`mdh`ion m`\ggt ndbidad^\io=

O`nkjin`8 T` \bm`` rdoc oc` m`qd`r`m oc\o oc`m` \m` njh` q\md\odjin ]`or``i oc` ndu`n ^jiomjgn,

Ejr`q`m* oc` ^jhk\mdnjin r`m` \gnj h\_` rdoc m`a`m`i^` oj oc` ]\o^c ^jiomjgn (Cdbpm` P/)* \i_ r`

j]n`mq`_ oc\o oc` b`i` `skm`nndji _daa`m`i^`n ]`or``i ^jiomjgn r`m` hdijm,

{M^b\`Z ghfZggZg g]ckZY jVfm^b\ YZ\fZZg c[ Z[[ZXh cb d`Vbh \fckh] cb YVm -1 %YVm c[ ]VfjZgh k]Zb

XcadVfZY hc h]Z^f fZgdZXh^jZ WVhX] Xcbhfc`g( @^\ifZ M- g]ckg \fckh] aZVgifZaZbhg V\V^bgh

fZgdZXh^jZ WVhX] Xcbhfc`g( Midd`ZaZbhV` >VhV - g]ckg V\Vf d`VhZg( @^\ifZ -; g]ckg \fckh]

aZVgifZaZbhg V\V^bgh Xcbhfc`g VjZfV\ZY VXfcgg V`` WVhX]Zg& VbY YVm .- %\fckh] aZVgifZaZbhg [cf 2

YVmg dcgh)ghfZgg [cf Zbj^fcbaZbhV` ghfZggZg V\V^bgh Xcbhfc`g VjZfV\ZY VXfcgg V`` WVhX]Zg( @^\ifZ -<&*|

2.4 Idi`n 121+122* 'Tcdg` kg\ion np]e`^o`_ oj \ ^jh]di\odji ja np]+g`oc\g c`\o (11v@) \i_ cdbc gdbco

(213 �Bh+0n+/) _d`_ (Cdbpm` /A)' Fo dn _daad^pgo oj o`gg da EI kg\ion r`m` _`\_* ep_bdib amjh Cdbpm` /A,

J\t]`* oc` ^jmm`^o k\i`g oj m`a`m oj dn 'Cdbpm` /@'=

O`nkjin`8 T` \kjgjbdu` \i_ oc\if oc` m`qd`r`m ajm nkjoodib oc` hdno\f`, Fo c\n ndi^` ]``i ^jmm`^o`_8

{]^\])`^\]h %0/1 o?a).g)-& Y^ZY %@^\ifZ -=&|

2.5 Idi`n 154+155* 'r` pn`_ orj ^jiomjgn o\f`i \o oc` ]`bdiidib \i_ oc` hd__g` ja oc` `sk`mdh`io'

Fo \kk`\mn oc\o oc` orj ^jiomjgn m`a`m oj @jiomjgn A0 \i_ E0 di Q\]g` P3* ]po do ncjpg_ ]` `skgd^dogt

_`n^md]`_ \gjib rdoc oc`dm ^ji_dodjin,

O`nkjin`8 T` oc\if oc` m`qd`r`m ajm oc` npbb`nodji \i_ c\q` pk_\o`_ oc` h\di o`so \i_ \__`_

_`n^mdkodji di Q\]g` P3 ajm ^g\mdot8

r@cf acfZ fcWigh ^b[ZfZbXZg( kZ igZY hkc Xcbhfc`g %\fckb cb ]V`[)ghfZb\h] AVaWcf\ <)1 <VgV` V\Vf Vh

.0c= ibYZf Xcbh^bicig F?> `^\]h Vh 2, }?a).g)-& hV_Zb [fca WVhX]Zg @ VbY F|



2.6 Cdbpm` 0C \i_ D

Qc` m`km`n`io\odji ajm 'npkkm`nndji' dn ^jiapndib, Qc` m\odj _`k`i_n ji oc` jm_`m ja orj ^ji_dodjin oj

]` ^jhk\m`_* rcd^c \kk`\mn jkkjndo`gt di oc` ^jgjm ^j_`, @jind_`m ncjrdib di \ omd\ibpg\m h\omds,

O`nkjin`8 Qcdn dn \ bm`\o npbb`nodji* kg`\n` adi_ oc` omd\ibpg\m h\omd^`n ^\kopmdib npkkm`nndji ajm pk+

\i_ _jri+m`bpg\o`_ b`i`n, T` c\q` hj_dad`_ oc` o`so oj \^^jhhj_\o` oc` k\i`gn8

Fi g`b`i_ ja Cdbpm` 08

{MiddfZgg^cb VbV`mg^g [cf ?& idfZ\i`VhZY VbY @& YckbfZ\i`VhZY \ZbZg* ; YVf_Zf g]VYZ c[ fZY VbY W`iZ

^bY^XVhZg h]Vh acfZ \ZbZg [fca h]Z [^fgh %Ml& VbY gZXcbY %Mm& ghfZgg VfZ bch fZdfZgZbhZY ^b h]Z

XcaW^bZY ghfZgg %Mlm&( fZgdZXh^jZ`m*|

2.7 Idi`n 33/+347

Qc` diajmh\odji bdq`i di ocdn k\m\bm\kc hdbco ]` pn`apg ajm _\o\]\n` ^jio`ion ]po _dnom\^odib ajm

q`mdatdib oc` dia`mm`_ DOKn,

O`nkjin`8 T` m`bm`o oc` ^jiapndji ^\pn`_ ]t ocdn n`^odji, Qc` q`mdad^\odji ja dia`mm`_ DOK c\n ]``i

^jq`m`_ di oc` km`qdjpn k\m\bm\kcn, Qj m`njgq` ocdn* r` _`^d_`_ oj \__ oc` ajggjrdib c`\_`m8

{Investigating the regulatory wiring of stress-responsive transcription factors and biological

processes|

2.8 Cdbpm` 6@

D`hh\ ^pkn j^^pm jigt ji oc` _jmn\g npma\^` epno \]jq` oc` hd_md] (Pcdh\hpm\ Mg\io @`gg Mctndjg,

35801.+034* 0./4), M\i`g '>ioc`md_dph' ncjpg_ ]` ^jmm`^o`_ di orj \nk`^on, Cdmno* '\i_mj^to` hjoc`m

^`ggn' ncjpg_ ]` 'nk`mh\od_ hjoc`m ^`ggn'* Qc`i* oc` \ioc`md_dph* rcd^c dn \ 'mpb]t ]\gg'+gdf` nomp^opm`

hjnogt ^jindnodib ja nk`mh\od_ hjoc`m ^`ggn* ncjpg_ ]` ^jgjm`_ dino`\_ ja oc` odnnp` \i_ ^`ggn (e\^f`o

^`ggn) npmmjpi_dib oc` \ioc`md_dph,

O`nkjin`8 T` oc\if oc` m`qd`r`m ajm nkjoodib ocdn, T` c\q` pk_\o`_ oc` _\o\]\n` \i_ oc` adbpm`

k\i`g,



2.9 P`^odji no\modib amjh I46/* '`CM ]mjrn`m \i_ @jK`fQ _\o\]\n` ajm J\m^c\iod\'

Qc` ]mjrn`m \i_ _\o\]\n` oc`hn`gq`n gjjf lpdo` id^`* ]po oc`dm _`n^mdkodji _j ijo n``h oj ]`

npaad^d`iogt m`g`q\io oj oc` km`^`_dib ^jio`io, Fo rjpg_ ]` c`gkapg da oc` \pocjmn kmjqd_` no`kn oj ^m`\o`

adbpm`n gdf` Cdbpm` 0E `o^* ajm `s\hkg`,

O`nkjin`8 T` \kkm`^d\o` oc` m`qd`r`m|n npbb`nodji, Qc` _\o\]\n` r\n _`ndbi`_ oj ]` hjm` jk`i

`i_`_ ajm oc` kpmkjn` ja _\o\ `skgjm\odji, Fi_``_* c\qdib \ ojjg oj _j np^c \i \i\gtndn rjpg_ ]`

cdbcgt q\gp\]g` \i_ r` rdgg o\f` ocdn dioj \^^jpio ajm jpm i`so _\o\]\n` pk_\o`, Mg`\n` n`` oc`

pk_\o`_ J\o`md\gn \i_ J`ocj_n oj n`` cjr oj h\f` Cdbpm` 0D,

J\o`md\g \i_ J`ocj_n8 {Nc ^YZbh^[m k]^X] ghfZggZg %Xc`iabg& VbY W^c`c\^XV` dVh]kVmg %fckg& kZfZ

g^a^`Vf( kZ [^fgh XV`Xi`VhZY h]Z DVXXVfY Y^ghVbXZ %D>& WZhkZZb V`` Xc`iabg+fckg* N]Z D> jV`iZg kZfZ

igZY hc Wi^`Y V XcbYZbgZY Y^ghVbXZ aVhf^l k]^X] kVg igZY Vg ^bdih [cf h]Z ]^ZfVfX]^XV` X`ighZf^b\

V`\cf^h]a*|

2.10 Qc`m` \m` \ijoc`m b`ijh` ]mjrn`m \i_ ^j+`skm`nndji _\o\]\n`n ajm J, kjgthjmkc\ di n`mqd^`*

J\mkjg?\n` (Xcookn8--h\m^c\iod\,diaj:cookn8--nh`s+

^ok,om`i_hd^mj,^jh8221-rdn-^gd^fodh`-q/-lp`mt=pmg;cookn%1\%0a%0ah\m^c\iod\,diaj&phd_;7/^]^/\7+

\_74+213a+734\+37a6aa]42^\1&\poc;460_]3/24.0_`\aa017`^1/4\\02`71_]\4a524^+

6255/1^_^747]6a_5`\/1/6532..14/aa72`^]^/Zcookn8--h\m^c\iod\,diaj:cookn8--nh`s+

^ok,om`i_hd^mj,^jh8221-rdn-^gd^fodh`-q/-lp`mt=pmg;cookn%1\%0a%0ah\m^c\iod\,diaj&phd_;7/^]^/\7+

\_74+213a+734\+37a6aa]42^\1&\poc;460_]3/24.0_`\aa017`^1/4\\02`71_]\4a524^+

6255/1^_^747]6a_5`\/1/6532..14/aa72`^]^/<) \i_ J?BU

(cookn8--h\m^c\iod\,diaj-h]`s-:cookn8--nh`s+

^ok,om`i_hd^mj,^jh8221-rdn-^gd^fodh`-q/-lp`mt=pmg;cookn%1\%0a%0ah\m^c\iod\,diaj%0ah]`s%0a&phd

_;7/^]^/\7+\_74+213a+734\+37a6aa]42^\1&\poc;460_]3/24.0_`\aa017`^1/4\\02`71_]\4a524^+



.\60`40256/\_/``37a6\2.5]__6``/5./3__0_3<), A`n^md]dib oc` _daa`m`i^` ]`or``i oc` orj

ntno`hn* d,`,* J\mkjg?\n`-J?BU \i_ `CM-@jK`HQ* ncjpg_ c`gk m`\_`mn ajm oc`dm ^cjd^`,

O`nkjin`8 T` oc\if oc` m`qd`r`m ajm ]mdibdib ocdn pk \i_ c\q` di^gp_`_ oc` orj J\m^c\iod\

_\o\]\n`n di oc` _dn^pnndji,

{HchVW`m( h]ZfZ VfZ hkc ch]Zf YVhVWVgZg YZY^XVhZY hc GVfX]Vbh^V( GVfdc`<VgZ/, VbY

GVfdc`<VgZ?ldfZgg^cb %G<?R&04( k]^X] VfZ \ZbcaZ VbY ZldfZgg^cb YVhVWVgZg fZgdZXh^jZ`m* Q^h]

jVf^cig ^b[cfaVh^cb VbY [ibXh^cbV`^hm gdfZVY VXfcgg YVhVWVgZg( kZ giaaVf^nZ h]Z aV^b [ibXh^cbV`^h^Zg

[cf h]Z YVhVWVgZg VbY h]Z igZ[i`bZgg c[ ZVX] [cf Y^[[ZfZbh difdcgZg* GVfdc`WVgZ ^g h]Z d`VXZ hc \c [cf

h]Z Yckb`cVY c[ \ZbcaZ)fZ`VhZY ^b[cfaVh^cb VbY hcc`g giX] Vg <F;MN hc GVfX]Vbh^V VbY ch]Zf d`Vbh

gdZX^Zg c[ ^bhZfZgh( \i^YZ LH; YZg^\b [cf =LCMJL+=Vg5( VbY ch]Zf hcc`g h]Vh V^Y ^b h]Z fZhf^ZjV` c[

\ZbZ)fZ`VhZY ^b[cfaVh^cb* Ib h]Z ch]Zf ]VbY( G<?R( Z@J( VbY =cHZ_N VfZ ZldfZgg^cb)WVgZY

YVhVWVgZg* ;acb\ h]Z h]fZZ( Z@J gZfjZg difZ`m Vg V j^giV`^nVh^cb c[ ZldfZgg^cb YVhV ^b h]Z VbVhcam

c[ h]Z d`Vbh( VbY h]Z GVfX]Vbh^V ^bghVbXZ ^g cbZ c[ h]Z aVbm gdZX^Zg [cibY ^b h]Z YVhVWVgZ Xc``ZXh^cb*

P^giV`^nVh^cb Wm VbVhcam ^g V`gc VjV^`VW`Z cb G<?R Vg r=]fcaVh^X ?ldfZgg^cb CaV\Zgs* Q]^`Z G<?R

VbY =cHZ_N cjZf`Vd ^b h]Z VfZV c[ ZldfZgg^cb VbY Xc)ZldfZgg^cb hcc`g( G<?R dfcj^YZg acfZ

YckbghfZVa VbV`mg^g hcc`g h]Vh V``ck [cf h]Z VbV`mg^g c[ Y^[[ZfZbh^V` ZldfZgg^cb( Zbf^X]aZbh c[

W^c`c\^XV` [ibXh^cbg( VbY gZh fZ`Vh^cbg WZhkZZb XcbY^h^cbg ^b GVfX]Vbh^V* Ib h]Z ch]Zf ]VbY( =cHZ_N

dfcj^YZg Vb cf\Vb)XZbhf^X Y^ggZXh^cb c[ h]Z ZldfZgg^cb YVhV k^h] h]Z ^bhZ\fVh^cb c[ cfh]c`c\m

^b[cfaVh^cb VXfcgg -. ch]Zf gdZX^Zg [fca h]Z P^f^Y^d`VbhVZ VbY hcc`g [cf XcadVf^gcb VXfcgg gdZX^Zg

VbY h^ggiZg*|

2.11 Cdbpm` 6A

F bp`nn b`i`n ji oc` nlp\m`n ja oc` n\h` ^jgjm ]`gjib oj oc` n\h` jmocjbmjpk* \n di_d^\o`_ ]`gjr \n

'I`b`i_', Qc` b`i`n di oc` n\h` jmocjbmjpk \m` npkkjn`_ oj ]` cjhjgjbjpn* rcd^c h\f`n \ ]gp`

_\nc`_ gdi`n pii`^`nn\mt,

O`nkjin`8 T` oc\if oc` m`qd`r`m ajm kjdiodib ocdn jpo \i_ \bm`` oc\o do dn pii`^`nn\mt c`m`, Ejr`q`m*

ocdn dn \i `no\]gdnc`_ a`\opm` ja oc` @jK`fQ _\o\]\n` (kp]gdnc`_ di 0./6) \i_ rcdg` do h\t n``h

m`_pi_\io di ocdn kp]gd^\odji* do _j`n c`gk oj \ ^`mo\di `so`io di oc` _\o\]\n` \n oc` ij_`n \m` ijo gdi`_

pk i`\ogt di oc` _`a\pgo bm\kc g\tjpo, T` rjpg_ gdf` oj f``k oc` _\nc`_ gdi`n* oj `s`hkgdat \ otkd^\g

jpokpo amjh oc` _\o\]\n`,

Jdijm kjdion

2.12 Pk`^d`n i\h`n ncjpg_ ]` ncjri ^jindno`iogt (`,b,* J\m^c\iod\ jm J, kjgthjmkc\),

O`nkjin`8 T` c\q` ads`_ oc` dmm`bpg\mdod`n di nk`^d`n i\h`n ajm J\m^c\iod\ \i_ >m\]d_jkndn di o`so,

2.13 Cdbpm`n ncjpg_ ]` bdq`i di ]`oo`m m`njgpodji* jm \n q`^ojm bm\kcd^n,

O`nkjin`8 T` \kjgjbdu` ajm oc` gjr m`njgpodji di oc` ^jhkdg`_ MAC* rcd^c c\kk`i`_ rc`i oc`

h\ipn^mdko r\n kmj^`nn`_ ]t oc` K\opm` @jhhpid^\odjin kg\oajmh, Qc` jmdbdi\g adbpm`n \m` di cdbc

m`njgpodji MACn,

2.14 Cdbpm` /?

Jjm` `skg\i\odji dn m`lpdm`_ ajm ^jiomjgn C* I* L* \i_ O,

O`nkjin`8 T` `sk\i_`_ oc` `skg\i\odji ajm oc` ^jiomjgn \i_ gdif`_ do oj oc` npkkg`h`io\mt h\o`md\gn

ajm hjm` diajmh\odji,



Cdbpm` / g`b`i_8 {LZdfZgZbhVh^jZg c[ Xcbhfc` [fca WVhX]Zg @ VbY F [cf ^bYZdZbYZbh ghfZggZg dZf[cfaZY

cjZf -0 WVhX]Zg ^b dVbZ` < %@^\ifZ M-( Midd`ZaZbhVfm >VhV -&* =& J]ZbchmdZg c[ d`Vbhg cb YVm .- [cf

XcaW^bZY ghfZggZg* LZdfZgZbhVh^jZg c[ Xcbhfc` [fca WVhX]Zg I VbY L [cf XcaW^bZY ghfZggZg

dZf[cfaZY cjZf 5 WVhX]Zg ^b dVbZ` = %@^\ifZ M-( Midd`ZaZbhVfm >VhV -&*|

2.15 Cdbpm` 1@

Bskg\i\odji ajm oc` ^jgjm+^j_` (bm``i* m`_ \i_ t`ggjr) di oc` g`ao+hjno ^jgphi dn m`lpdm`_,

O`nkjin`8 T` c\q` apmidnc`_ oc` g`b`i_ rdoc oc` hdnndib diajmh\odji,

Cdbpm` 1 g`b`i_8 {AfZZb( fZY VbY mZ``ck Xc`cfg cb h]Z `Z[hacgh Xc`iab c[ h]Z d`ch fZdfZgZbh h]Z acgh

Xcaacb`m cWgZfjZY fZ`Vh^cbg]^d WZhkZZb N@ VbY \ZbZ( k]^X] XcffZgdcbYg hc VXh^jVhcf( fZdfZggcf VbY

VaW^\icig %dcg^h^jZ VbY bZ\Vh^jZ XcZ[[^X^Zbhg cWgZfjZY [cf h]Z gVaZ N@)\ZbZ dV^f ^b Y^[[ZfZbh ghfZgg)

gdZX^[^X bZhkcf_g& fZgdZXh^jZ`m* N@g VfZ Xc`cfZY VXXcfY^b\ hc h]Z^f N@ [Va^`m [cf N@g h]Vh VfZ

fZdfZgZbhZY Vh `ZVgh h]f^XZ*|

2.16 + Cdbpm` 2

M\i`g >* m`\_\]dgdot ncjpg_ ]` dhkmjq`_,

M\i`g ?* oc` jm_`m ja oc` ^jgjm+^j_` ncjpg_ ]` ^jindno`io rdoc oc` bm\kc,

I`b`i_* Idi` 322* 'A)' ncjpg_ ]` '?)',

@jiq`iodji\g \mmjrn \i_ Qn ajm \^odq\odji \i_ m`km`nndji* dino`\_ ja ^jgjm+^j_`n* h\t ]` ^g`\m`m oj

ncjr oc` QCn' m`bpg\odjin (Cdbpm` P/3* ojj),

O`nkjin`8 T` oc\if oc` m`qd`r`m ajm oc`n` npbb`nodjin, T` c\q` h\_` oc` ajggjrdib ^c\ib`n8

M\i`g >8 T` ]`gd`q` ocdn rjpg_ ]` m`njgq`_ rdoc oc` jmdbdi\g MAC ajm adbpm`n oc\o r`m` np]hdoo`_,

M\i`g ?8 Qc` g\]`ggdib ja oc` g`b`i_ c\n ]``i ads`_, @jgjm di adbpm` g`b`i_ m`+jm_`m`_, >mmjrn \i_ Qn

ajm DOK8 Cds`_ di 2>* @* A \i_ P/3,



2.17 Cdbpm` 2 g`b`i_* I322

'A)' ncjpg_ ]` '?)',

O`nkjin`8 @jmm`^o`_,

2.18 Cdbpm` P/

I\]`gn ajm oc` q`mod^\g \sdn \m` hdnndib di njh` k\i`gn, Fo h\t ]` ndhkg`m oj m`hjq` oc` g\]`gn ]po

`skg\di di oc` g`b`i_, Qc` jm_`m ja oc` ^jiomjg ]\o^c`n n``hn j__8 '>* ?* A* @* C*,,,,K* I* J*,,,T* S* R*

N* O',

O`nkjin`8 T` c\q` \h`i_`_ oc` adbpm`* `,b,8



2.19 Cdbpm` P6>

Qc` cjmdujio\g _\nc`_ gdi` hdbco ]` hdng`\_dib, > q`mod^\g _\nc`_ gdi` ]`or``i 3 \i_ 4 di oc`

'FiJjm`Qc\i' \sdn hdbco ]` hjm` ^jindno`io rdoc oc` o`so, >gnj* 'b`i`^jpio' \i_ 'oa^jpoio' ^\i ]` ncjri

\n 'D`i`' \i_ 'QC'* m`nk`^odq`gt* ajm ndhkgd^dot,

O`nkjin`8 T` \kkm`^d\o` oc` npbb`nodjin \i_ c\q` pk_\o`_ oc` adbpm` \^^jm_dibgt,

2.20 Q\]g` P5

Bskg\i\odji ajm oc` h`\idib ja oc` ^jgjm ^j_`n dn i``_`_,

O`nkjin`8 T` c\q` pk_\o`_ oc` o\]g` oj di^gp_` oc` h`\idib ja oc` ^jgjm ^j_`n,

T` rjpg_ gdf` oj oc\if oc` m`qd`r`m ajm oc` bm`\o ^jhh`ion"



O`qd`r`m $1 (O`h\mfn oj oc` >pocjm)8

Qc` h\ipn^mdko y@mjnn+nom`nn b`i` `skm`nndji \og\n ja J\m^c\iod\ kjgthjmkc\ m`q`\gn oc` cd`m\m^ct

\i_ m`bpg\ojmt kmdi^dkg`n ja \]djod^ nom`nn m`nkjin`nz ]t Nd\j T`i Q\i `o \g, ^jhkmdn`n oc`

om\in^mdkojhd^ \i\gtn`n oj ndibg` \i_ ^jh]di`_ \]djod^ nom`nn`n di oc` hj_`g gdq`mrjmo J\m^c\iod\

kjgthjmkc\, Qc` m\odji\g` oj pn` J\m^c\iod\ ajm ocdn rjmf m`nd_`n di don gjr b`i` m`_pi_\i^t* rcd^c di

kmdi^dkg` ^jpg_ a\^dgdo\o` oc` _dnn`^odji ja DOKn, Li` ja oc` h\di ^ji^gpndjin ja ocdn rjmf dn oc` g\^f ja

^jin`mq\odji ]`or``i oc` nom`nn m`nkjin`n di >m\]d_jkndn \i_ J\m^c\iod\* rcd^c di ht jkdidji ^jpg_

]` apmoc`m np]no\iod\o`_ ]t dhkmjq`_ \i\gtn`n jm _`n^mdkodji ja oc` ^pmm`io \kkmj\^c, Qc` \pocjmn

kmjqd_` ^jiqdi^dib _\o\ ji oc` \__dodq` `aa`^o ja ^jh]di`_ nom`nn`n* rcd^c dn \i dio`m`nodib

kc`ijh`iji bdq`i oc\o \ b`i`m\g nom`nn m`nkjin` c\n ]``i kmjkjn`_ di joc`m kg\ion np^c \n

>m\]d_jkndn, Jjm`jq`m* oc` \pocjmn di^jmkjm\o`_ oc`dm _\o\ dioj orj jigdi` _\o\]\n`n (@jK`fQ \i_

J\m^c\iod\ `CM

]mjrn`m) rcd^c m`km`n`io q\gp\]g` ojjgn ajm oc` J\m^c\iod\ m`n`\m^c ^jhhpidot, Qc` \i\gtn`n

k`majmh`_ di oc` h\ipn^mdko \m` r`gg `skg\di`_ \i_ `\nt oj ajggjr,

O`nkjin`8 T` oc\if oc` m`qd`r`m ajm oc` ^jinomp^odq` ^jhh`ion \i_ c`gkapg npbb`nodjin,

3.1 F c\q` \ a`r ^ji^`min \]jpo oc` `sk`mdh`io\g _`ndbi \i_ oc` ^ji^gpndjin _m\ri ji ocdn rjmf,

Cdmno* F pi_`mno\i_ oc` _daad^pgod`n ja ^jhk\mdib oc` `skjnpm` \i_ m`nkjin` oj \ m\ib` ja _daa`m`io

nom`nn`n, E\q` oc` \pocjmn ^jind_`m`_ oc\o oc` kg\ion np]e`^o`_ oj jnhjod^ \i_ n\go nom`nn (rcd^c

km`n`io \ n`q`m` bmjroc dicd]dodji ^jhk\m`_ oj joc`m nom`nn`n) hdbco ncjr \ ojj g\o` jm \^^gdh\o`_

om\in^mdkodji\g m`nkjin`= F \h ijo npm` da kg\ion bmjri ji /.. hJ h\iidojg jm 2. hJ n\go m`km`n`io

oc` ]`no ^ji_dodjin oj k`majmh \ ^jhk\m\odq` \i\gtndn rdoc joc`m nom`nn`n oc\o _j ijo ^\pn` np^c

bmjroc dicd]dodji, F _ji|o ocdif oc` `sk`mdh`ion ncjpg_ ]` m`k`\o`_ rdoc \__dodji\g odh` kjdion* ]po oc`

\pocjmn ncjpg_ _dn^pnn oc` kjnnd]dgdot oc\o om\in^mdkodji\g ^c\ib`n kjo`iod\ggt ndhdg\m oj joc`m nom`nn

m`nkjin`n hdbco c\q` ijo ]``i ^\kopm`_ di oc` n\go+ \i_ h\iidojg+om`\o`_ kg\ion,

O`nkjin`8 T` \bm`` rdoc oc` m`qd`r`m \i_ c\q` cdbcgdbco`_ oc` m\odji\g` ]`cdi_ jpm `sk`mdh`io\g

_`ndbi di oc` _dn^pnndji8

{HchVW`m( h]Z X]fcb^X ghfZggZg YVf_( gV`h( cgach^X( VbY b^hfc\Zb YZ[^X^ZbXm XVigZ \fckh] ^b]^W^h^cb

`Vf\Z`m YiZ hc h]Z `cb\Zf YifVh^cb c[ h]ZgZ ghfZggZg( `^_Z`m XVdhif^b\ `VhZ)ghV\Z fZgdcbgZg* >if^b\ h]Z

XcadVf^gcb c[ X]fcb^X ghfZggZg k^h] h]Z VXihZ ghfZggZg c[ ]ZVh( Xc`Y( VbY `^\]h( kZ aVm a^gg h]Z

Z[[ZXhg c[ ZVf`m)ghV\Z fZgdcbgZg h]Vh a^\]h ]VjZ WZZb dfZgZbh ^b h]Z VXihZ ghfZggZg* BckZjZf( kZ

VggiaZ h]Vh h]Z gVad`^b\ c[ - YVm V[hZf ghfZgg ^bYiXh^cb [cf VXihZ ghfZggZg XVdhifZg acgh`m `VhZ)ghV\Z

fZgdcbgZg( V``ck^b\ ig hc XcadVfZ h]Z X]fcb^X VbY VXihZ ghfZggZg1/*|

3.2 O`b\m_dib oc` iji+^jin`mq\odji ja oc` nom`nn m`nkjin` ]`or``i >m\]d_jkndn \i_ J\m^c\iod\* F \h

ijo npm` oc\o oc` _daa`m`i^`n di DOKn ]\n`_ ji \pojh\od^ jmocjgjb km`_d^odjin npaad^`, Aj oc` \i\gtn`n

di Cdb, 0E (J\kJ\i) di_d^\o` oc\o oc` b`i`n m`bpg\o`_ ]t oc` _daa`m`io nom`nn`n \m` diqjgq`_ di ndhdg\m

]djgjbd^\g k\ocr\tn di _daa`m`io kg\io nk`^d`n= Fa oc` jq`m\gg m`nkjin` dn ndhdg\m \i_ \^odq\o`_ ]t QCn

amjh oc` n\h` a\hdgt (`q`i ocjpbc ijo ]t oc` km`_d^o`_ jmocjgjb)* oc` m`nkjin`n di _daa`m`io kg\ion

rjpg_ ijo ]` ^jind_`m`_ m\_d^\ggt _daa`m`io, Qc` \pocjmn ^jpg_ `skg\di hjm` di _`o\dg oc` _daa`m`i^`n

]`or``i oc` nom`nn m`nkjin` di >m\]d_jkndn \i_ J\m^c\iod\* bdq`i oc\o ocdn dn ji` ja oc` h\ejm

^ji^gpndjin ja oc`dm rjmf,

O`nkjin`8 T` oc\if oc` m`qd`r`m ajm ]mdibdib ocdn pk, T` c\q` _jrigj\_`_ _daa`m`iod\g b`i`

`skm`nndji _\o\ ajm >m\]d_jkndn* \i_ \n oc` m`qd`r`m npbb`no`_* r` ojjf \ gjjf \o b`i` a\hdgd`n*

m\oc`m oc\i jmocjgjbn, Qc` \i\gtndn ^\pn`_ pn oj m`qdn` jpm ^ji^gpndji8



>]nom\^o8 rQ]^`Z h]Z hfVbgXf^dhca^X fZgdcbgZg g]ckZY V XcbgZfjZY Y^[[ZfZbh^V` \ZbZ ZldfZgg^cb

WZhkZZb ;fVW^Ycdg^g VbY GVfX]Vbh^V( kZ V`gc cWgZfjZY V ghfcb\ [ibXh^cbV` VbY hfVbgXf^dh^cbV`

Y^jZf\ZbXZ WZhkZZb h]Z hkc gdZX^Zg*s

Fiomj_p^odji8 {=cadVf^b\ h]ZgZ N@g hc \ZbZ ZldfZgg^cb fZgdcbgZg VbY W^c`c\^XV` [ibXh^cb c[

;fVW^Ycdg^g h]V`^VbV cfh]c`c\g fZjZV`ZY dccf V\fZZaZbh WZhkZZb h]Z hkc d`Vbhg* BckZjZf( k]Zb kZ

`cc_ZY Vh h]Z dfc[^`Z c[ Y^[[ZfZbh^V``m ZldfZggZY \ZbZg ^b GVfX]Vbh^V VbY ;fVW^Ycdg^g ]cac`c\cig \ZbZ

[Va^`^Zg( h]ZfZ kZfZ g^\b^[^XVbh g^a^`Vf^h^Zg ^b Xc`Y( ]ZVh VbY gV`h ghfZgg WVgZY cb h]Z DVXXVfY ^bYZl(

gi\\Zgh^b\ XcbgZfjVh^cb c[ N@ fZgdcbgZg ^b GVfX]Vbh^V VbY ;fVW^Ycdg^g Vh h]Z \ZbZ [Va^`m `ZjZ`*|

O`npgon8 {Nc ^bjZgh^\VhZ k]Zh]Zf h]Z Y^[[ZfZbh^V` \ZbZ ZldfZgg^cb dVhhZfbg c[ ghfZgg fZgdcbgZg VfZ

g^a^`Vf WZhkZZb GVfX]Vbh^V VbY ;fVW^Ycdg^g( kZ Yckb`cVYZY h]Z Y^[[ZfZbh^V``m ZldfZggZY \ZbZg [cf

;fVW^Ycdg^g Xc`Y( YVf_( ]ZVh VbY gV`h-2* HZlh( kZ XV`Xi`VhZY h]Z DVXXVfY CbYZl %DC& g^a^`Vf^hm c[ h]Z

\ZbZ [Va^`^Zg h]Vh VfZ Y^[[ZfZbh^V``m ZldfZggZY WZhkZZb ;fVW^Ycdg^g VbY GVfX]Vbh^V \ZbZg* N]Z

VbV`mg^g fZjZV`ZY h]Vh [cf V`` ghfZggZg( k^h] h]Z ZlXZdh^cb c[ YVf_( h]Z biaWZf c[ g^a^`Vf \ZbZ

ZldfZgg^cb [Va^`^Zg h]Vh VfZ Y^[[ZfZbh^V``m ZldfZggZY ^b h]Z ghfZggZg ^g ]^\]Zf h]Vb ZldZXhZY Wm X]VbXZ

%@^\ifZ 1>( h]Z cWgZfjZY DC ^g V W`VX_ Ych( g^\b^[^XVbh`m ]^\]Zf DC jV`iZg VfZ ^bY^XVhZY Wm W`VX_

VghZf^g_&* N]^g ^bY^XVhZg h]Vh YZgd^hZ h]Z gZZa^b\`m Y^[[ZfZbh fZgdcbgZg %@^\ifZ 1;)=&( h]Z hkc d`Vbhg

Y^[[ZfZbh^V``m ZldfZgg V g^a^`Vf gZh c[ \ZbZ [Va^`^Zg %@^\ifZ 1>&*|

Cdbpm` 3 g`b`i_8 {>& M^a^`Vf^hm ^b Y^[[ZfZbh^V` \ZbZ ZldfZgg^cb WZhkZZb GVfX]Vbh^V VbY ;fVW^Ycdg^g

]cac`c\g WZ`cb\^b\ hc h]Z gVaZ \ZbZ [Va^`m* N]Z W`VX_ dc^bhg ^bY^XVhZ h]Z cWgZfjZY DC XVdhif^b\ h]Z

g^a^`Vf^hm c[ h]Z Y^[[ZfZbh^V``m ZldfZggZY \ZbZ [Va^`^Zg* N]Z j^c`^b d`chg ^bY^XVhZ h]Z DC k]ZfZ h]Z \ZbZ)

\ZbZ [Va^`m Vgg^\baZbhg ]VjZ WZZb g]i[[`ZY -,,, h^aZg* N]Z W`VX_ VghZf^g_ g]ckg XVgZg k]ZfZ h]Z

cWgZfjZY DC ^g g^\b^[^XVbh`m ]^\]Zf %d)jV`iZ 8 ,*,1&*’

J\o`md\g \i_ h`ocj_n8 {Nc ^bjZgh^\VhZ h]Z WZ]Vj^cf c[ ]cac`c\cig N@g ^b ;fVW^Ycdg^g VbY GVfX]Vbh^V

Yif^b\ jVf^cig ghfZgg XcbY^h^cbg( kZ XcadVfZY h]Z cXXiffZbXZ c[ >?Ag [fca cif YVhVgZh VbY [fca

@ZffVf^ Zh* V`* -2 ghiYm cb ;fVW^Ycdg^g Xc`Y %?)A?I>)2/0,2&( YVf_ %?)A?I>)23512&( ]ZVh %?)A?I>)

3.4,2&( VbY gV`h ghfZggZg %?)A?I>)3.4,2&* =cffZXhZY d)jV`iZ %8 ,*,1& VbY Vb VWgc`ihZ `c\.[X Xih c[[

c[ acfZ h]Vb - kZfZ igZY hc YZhZfa^bZ >?Ag [cf Wch] YVhVgZhg* Bcac`c\cig fZ`Vh^cbg]^dg WZhkZZb



;fVW^Ycdg^g VbY GVfX]Vbh^V kZfZ cWhV^bZY [fca JF;T; >^Xchg 1*,/2 VbY h]Z XcadVh^W^`^hm c[ \ZbZ

bVaZg [fca GVfX]Vbh^V \ZbcaZ j/ hc j1*-f- kVg ZbgifZY ig^b\ h]Z XcbjZfg^cb hVW`Z cb

GVfdc`<VgZ/,* @cf h]Z VbV`mg^g( cb`m ]cac`c\ C>g Xcaacb hc Wch] gdZX^Zg kZfZ igZY* N]Z DVXXVfY

CbYZl %DC& WVgZY cb h]Z ]cac`c\ C> Vgg^\bZY hc h]Z \ZbZ ^b JF;T; kVg XV`Xi`VhZY [cf ZVX] ghfZgg* Cb

VYY^h^cb( h]Z d)jV`iZ kVg YZhZfa^bZY h]fci\] V dZfaihVh^cb hZgh k]ZfZ h]Z cWgZfjZY DC c[ ]cac`c\

C>g ^b V ghfZgg [cf ZVX] gdZX^Zg kVg XcadVfZY hc h]Z dZfaihZY DC c[ ]cac`c\ C>g -,,, h^aZg*|

Adn^pnndji8 Ib h]Z ch]Zf ]VbY( kZ Y^Y cWgZfjZ V g^\b^[^XVbh XcbgZfjVh^cb ^b Y^[[ZfZbh^V` \ZbZ

ZldfZgg^cb WZhkZZb ;fVW^Ycdg^g VbY GVfX]Vbh^V \ZbZ [Va^`^Zg ^b Xc`Y( ]ZVh VbY gV`h( Wih bc YVf_

%@^\ifZ 1>&* N]Z `VhhZf fZgi`h V\fZZg k^h] ghiY^Zg g]ck^b\ XcbgZfjVh^cb c[ ghfZgg fZgdcbgZ ^b d`Vbhg

[cXig^b\ cb hfVbgXf^dh^cb [VXhcfg VbY ]cfacbZg 13q2-*

3.3 F _j ijo ocdif oc\o oc` ^g\dh oc\o oc` nom`nn m`nkjin`n di >m\]d_jkndn \i_ J\m^c\iod\ \m` _daa`m`io

npkkjmon oc` d_`\ oc\o oc` fijrg`_b` j]o\di`_ di >m\]d_jkndn ^\iijo ]` pn`_ oj ]` om\ina`mm`_ oj

^mjkn (gdi`n 6/7+600), Mctgjb`i`od^\ggt \i_ hjmkcjgjbd^\ggt*

>m\]d_jkndn \i_ ^mjkn \m` hjm` ^gjn`gt m`g\o`_ oc\i >m\]d_jkndn \i_ J\m^c\iod\,

O`nkjin`8 T` oc\if oc` m`qd`r`m ajm cdbcgdbcodib ocdn \i_ c\q` m`+rmjo` oc` k\mo8

{N]^g gi\\Zghg h]Vh ZVX] acYZ` d`Vbh igZg V Y^[[ZfZbh ghfVhZ\m hc VXX`^aVhZ hc ghfZgg( VbY

Xcbg^YZfVh^cbg fZ\VfY^b\ h]Z d]m`c\ZbZh^X Y^ghVbXZ WZhkZZb acYZ` gdZX^Zg VbY Xfcdg c[ ^bhZfZgh

g]ci`Y WZ VXXcibhZY [cf k]Zb VhhZadh^b\ hc aV_Z _bck`ZY\Z hfVbg[Zfg [fca V acYZ` d`Vbh hc Xfcdg*|

3.4 Qc` \pocjmn ^jpg_ `skg\di ]`oo`m rc\o \m` oc` pidji DOKn di Cdbpm` P7?,

O`nkjin`8 T` c\q` di^gp_`_ oc` ajggjrdib oj `skg\di pidji DOKn di oc` g`b`i_ ja Cdbpm` P7?8

{Ob^cb bZhkcf_g kZfZ \ZbZfVhZY Wm gZ`ZXh^b\ [cf ^bhZfVXh^cbg [cibY ^b Vh `ZVgh R bZhkcf_g Vg ^bY^XVhZY

^b h]Z WfVX_Zhg* @cf ZlVad`Z( rOb^cb %.&s k^`` ^bY^XVhZ h]Vh h]Z ^bhZfVXh^cbg kZfZ [cibY ^b Vh `ZVgh . c[

h]Z ghfZgg)gdZX^[^X bZhkcf_g*|

3.5 Fo rjpg_ c\q` ]``i id^` oj c\q` njh` api^odji\g q\gd_\odji ja oc` DOKn di J\m^c\iod\* bdq`i don

`ijmhjpn kjo`iod\g \n hj_`g ntno`h (^\m`apggt `skg\di`_ di oc` diomj_p^odji),

O`nkjin`8 T` apggt \bm`` rdoc oc` m`qd`r`m oc\o api^odji\g q\gd_\odji rjpg_ c\q` ]``i id^`, Qj ocdn

`i_* r` c\q` gjjf`_ pk \gg \q\dg\]g` kp]gd^\odjin ja oc` 73 mj]pnogt+m`nkji_dib om\in^mdkodji a\^ojmn,

M`mc\kn ijo npmkmdndibgt* oc` h\ejmdot ja oc`h c\q` ijo ]``i nop_d`_ t`o* \i_ oc` a`r nop_d`n _`n^md]`

oc`dm mjg`n di _`q`gjkh`io* m\oc`m oc\i nom`nn, T` _`n^md]` oc`n` adi_dibn di o`so rdoc8

{Nc ghiYm h]Z fc`Zg c[ h]ZgZ 31 fcWigh`m)fZgdcbY^b\ N@g( kZ Xcbg^YZfZY h]Z VjV^`VW`Z `^hZfVhifZ cb

H=<C [cf ghiY^Zg h]Vh ^bjZgh^\VhZ h]Z ac`ZXi`Vf [ibXh^cb c[ h]Z N@g* Iih c[ h]Z 31 N@g( -0 kZfZ [cibY

^b `^hZfVhifZ VbY cb`m / ]VjZ WZZb ghiY^ZY [cf h]Z^f fc`Z ^b VW^ch^X ghfZgg fZgdcbgZ %GdF;RL

(Gd1\,253,*-* mj]pnogt pkm`bpg\o`_ di cdbc gdbco \i_ h\iidojg nom`nn) VbY Gd?L@-1 (Gd3\,5/1,*-*

mj]pnogt _jrim`bpg\o`_ di c`\o nom`nn)6 fZ\ZbZfVh^cb V[hZf kcibY^b\( GdBM@- (Gd0\-../,*-* mj]pnogt

_jrim`bpg\o`_ di c`\o nom`nn)6 ]ZVh hc`ZfVbXZ& %NVW`Z M3( @^\ifZ /=&* N]Z fZaV^b^b\ -- hfVbgXf^dh^cb

[VXhcfg ]VjZ fc`Zg ^b jVf^cig YZjZ`cdaZbhV` dfcXZggZg %Z*\*( \ZaaV Xid [cfaVh^cb( NVW`Z M3&(

^bY^XVh^b\ h]Vh VW^ch^X ghfZgg ^b[`iZbXZg h]Z YZjZ`cdaZbh c[ GVfX]Vbh^V*|

Jdijm kjdion8

3.6 Bq`i ocjpbc J\m^c\iod\ dn ^jind_`m`_ oj c\q` \ b`i`m\g gjr b`i` m`_pi_\i^t ^jhk\m`_ oj



>m\]d_jkndn* ocdn dn hjnogt omp` ajm ndbi\gdib ^jhkji`ion ]po ijo ajm n`^ji_\mt h`o\]jgdnh, E`i^`*

oc` a\^o oc\o J\m^c\iod\ c\n n`q`m\g M>In dn ijo `iodm`gt npmkmdndib, Mg`\n` f``k di hdi_ oc\o oc`

iph]`m ja J\m^c\iod\ b`i`n dn mjpbcgt orj ocdm_n ja oc` ojo\g iph]`m ja >m\]d_jkndn b`i`n,

O`nkjin`8 T` \bm`` rdoc oc` m`qd`r`m oc\o ndbi\ggdib ^jhkji`ion ^\i ]` cdbcgt _pkgd^\o`_ `q`i di \

b`ijh` rdoc gjr m`_pi_\i^t \i_ c\q` hj_dad`_ oc` no\o`h`io \n jpm kcm\ndib r\n hdng`\_dib8

{GVfX]Vbh^V XcbhV^bg V gifdf^g^b\`m `Vf\Z biaWZf %-/& c[ J;Fg k]Zb XcadVfZY hc ;fVW^Ycdg^g %0&*|

3.7 Qc`m` dn \ gjo ja q\md\]dgdot di oc` ndu` ja ^jiomjg kg\ion (Cdb, P/), Jjm`jq`m* oc` 3. % bmjroc

dicd]dodji ja kg\ion bmjri ajm 1 _\tn di _\mf ^ji_dodjin dn _daad^pgo oj \kkm`^d\o` di Cdb, /?, Fn ocdn

kc`ijotk` m`kmj_p^d]g`=

O`nkjin`8 T` \bm`` oc\o oc`m` dn q\md\]dgdot di oc` ndu` ja ^jiomjg kg\ion \^mjnn ]\o^c`n, Qc`

ndbidad^\i^` dn km`n`io di Cdbpm` / A \i_ B rc`i ^jhk\m`_ oj \gg ^jiomjgn \i_ \gnj km`n`io rc`i

^jhk\m`_ oj don jri ]\o^c ^jiomjg (Cdbpm` P/* A\t /3 ni\kncjo ]`gjr), Qc` 3.% _`^m`\n` di ndu` dn

di_``_ _daad^pgo oj j]n`mq` di Cdbpm` /? \n oc` dh\b`n c`m` \m` ja kg\ion \o A\t 0/, Li oc` kgjo di

Cdbpm` P/ (ni\kncjo ja A\t 0/ ]`gjr)* oc` kg\ion c\q` c\_ oc` ^c\i^` oj m`^jq`m \i_ ^\o^c pk oj oc`

ndu` ja oc` ^jiomjgn ]t _\t 0/* \gocjpbc nodgg ndbidad^\iogt nh\gg`m, Cjm ]`oo`m \kkm`^d\odji ja oc`

m`kmj_p^d]dgdot ja oc` kc`ijotk`n* r` c\q` ijr di^gp_`_ Ppkkg`h`io\mt A\o\ / oc\o ncjrn oc` jmdbdi\g

kg\o`n ji _\t /3 \i_ 0/ \^mjnn \gg `sk`mdh`ion,

Fi \__dodji* oj \^^jpio ajm oc` q\md\]dgdot ]`or``i ]\o^c ^jiomjgn* r` c\q` ocpn n`lp`i^`_ omdkgd^\o`n ja

0 ]\o^c ^jiomjgn \i_ \kkgd`_ \ nomdib`io ^pojaa ja ]`dib ndbidad^\iogt _daa`m`io amjh ]joc ]\o^c ^jiomjgn

di jpm _daa`m`iod\g b`i` `skm`nndji \i\gtndn oj ]` ^jind_`m`_ ajm _jrinom`\h \i\gtndn, Jjm`jq`m* oc`

_daa`m`iod\g b`i` `skm`nndji ]`or``i ]\o^c ^jiomjgn r\n gjr ]`or``i ^jiomjgn* \n ncjri di Q\]g` P3*

mjr 5* rc`m` jigt \ ojo\g ja 2% ja b`i`n r`m` ndbidad^\iogt _daa`m`iod\ggt `skm`nn`_,

3.8 Idi` 2.38 Mg`\n`* ^c`^f oc` m`a`m`i^`n oj oc` adbpm`n

O`nkjin`8 T` oc\if oc` m`qd`r`m ajm nkjoodib ocdn* \i_ c\q` \h`i_`_ oc` m`a`m`i^`n,

{M^a^`Vf`m( kZ cWgZfjZY XcfZ fZgdcbgZg hc ]ZVh %Z*\*( 2h] VbY -,h] Xc`iab( @^\ifZ M1;& VbY Xc`Y %--(

-.( -5 VbY /5 h] Xc`iab( @^\ifZ M1;&*|

3.9 Idi` 3..8 Kjo di ]joojh mjr ja P/.* kg`\n` ^jmm`^o

O`nkjin`8 T` c\q` pk_\o`_ oc` o`so8



{@^\ifZ /<( Wchhca fck VbY M-,( .2h] fck [fca Wchhca&*|

3.10 QCn a\hdgd`n di Cdbpm` 1 \i_ P/. ncjpg_ c\q` oc` n\h` ^jgjmn ajm ^g\mdot,

O`nkjin`8 T` c\q` pk_\o`_ oc` adbpm` oj h\o^c oc` ^jgjmn ja QC a\hdgd`n di Cdbpm` 1 \i_ P/.

T` rjpg_ gdf` oj oc\if oc` m`qd`r`m ajm oc`n` bm`\o* nkjo+ji ^jhh`ion"



Reviewer #1 (Remarks to the Author): 

What are the noteworthy results? 

See prior review response. This reviewer has no additional comments. 

Will the work be of significance to the field and related fields? How does it compare to the 

established literature? If the work is not original, please provide relevant references. 

See prior review response. This reviewer has no additional comments. 

Does the work support the conclusions and claims, or is additional evidence needed? 

The authors have strengthened the manuscript by providing further description and refinement of 

the analysis and methodology. 

Are there any flaws in the data analysis, interpretation and conclusions? Do these prohibit 

publication or require revision? 

The authors have adequately addressed the major concerns mentioned in the initial review. This 

includes further clarification of images and image captions, further explanation of model 

construction, and improved clarity of the explanation of results. 

Is the methodology sound? Does the work meet the expected standards in your field? 

The authors have adequately described the pros and cons of the modeling approach applied. The 

authors have also provided a more complete description of the approach, which is particularly 

helpful for the reader. 

Is there enough detail provided in the methods for the work to be reproduced? 

The authors have adequately updated the descriptions of the computational approaches used in 

the manuscript. This includes the modeling approach, clustering methods, and regression models 

that were presented. The authors have also made corrections of minor typos in the manuscript. 

Additional Comments: 

Issues associated with the additional comments in the prior review were adequately addressed. 

Reviewer #2 (Remarks to the Author): 

The manuscript has been greatly improved, but I still find some points described below. 

- Lines 508-409, does 'with the majority of functions not being involved in heat stress' really refer 

to Figure 5B? Or I do not understand how to read Figure 5B, because there is no biological 

functions indicated in Figure 5B. Also, the labels for the x-axis in Figure 5A have been removed for 

some reason. 

- In Table S9, some of the conditions in Arabidopsis appear to be duplicated. Explanation or 

correction needed. 

Minor points 

- Line 268, '(four stresses: H, HD, HS, HN)' should be '(four stresses: H, HM, HS, HN)'. 

- Lines 271-272, '(bin not annotated)' -> '(bin 'not annotated')' for clarity. 

- Lines 277-278, Consider adding abbreviations for the given combinations, e.g., 'salt+mannitol 

(SM)'. 

- Lines 333-335, 'Mp' in the gene names should be in regular face, instead of italic. 



- Lines 359-360, Figure S11B does not appear to directly show the statement 'most (89 out of 95) 

TFs are still connected to other TFs in the GRN'. 

- Lines 450-457, labels 'Figure 6C' and 'Figure 6D' appear to be switched. 

- Line 465, 'the parameters Sx of Sy values' could be 'the Sx and Sy parameters' ? 

- Line 556, 'the acute stresses' might be 'the chronic stresses' ? 

- Lines 1132-1133, I can't find green and red edges in Figure 4A? 

- Fig. 2C, 'Uupregulated' -> 'Upregulated'. It might be clearer if a sentence like the following would 

be added to the description for Figs. 2C and D: 'The values were calculated from the equations 

given in B.' 

- Table S10, 'no hits & (original description: none)' in the description column may be just 'no hits'? 

Marchantia eFP Browser 

This cool browser needs one more small correction: archegoniophores and antheridiophore of 

female and male plants, respectively, appear to be coming out from wrong places (my apologies, I 

should have noticed and pointed out in the previous review). They are formed from meristems at 

the terminal of a midrib. The following old drawings should help: 

(female) https://www.marchantia.org/new-gallery/m5mkuzpepv0chgeie4n6o46x7cw8nw 

(male) https://www.marchantia.org/new-gallery/57r3hiuuicrkcjda2zqtoywhlcj377 

Reviewer #3 (Remarks to the Author): 

In the revised version of the manuscript, the authors have addressed all the points raised by the 

reviewers. The current version of the manuscript has notably improved and is much easier to 

follow. At this point, I only have two minor suggestions: 

Line 251: Figure 2C-D should be referenced instead of 2E-F 

Line 495: It is worth mentioning that eFP includes the expression data on the single and combined 

abiotic stresses (not just the anatomy of the plant) and that MBEX and CoNeKT do not include the 

same expression datasets. 



REVIEWERS' COMMENTS

Reviewer #1 (Remarks to the Author):

What are the noteworthy results?

See prior review response. This reviewer has no additional comments.

Will the work be of significance to the field and related fields? How does it compare to the 

established literature? If the work is not original, please provide relevant references.

See prior review response. This reviewer has no additional comments.

Does the work support the conclusions and claims, or is additional evidence needed?

The authors have strengthened the manuscript by providing further description and refinement of 

the analysis and methodology.

Are there any flaws in the data analysis, interpretation and conclusions? Do these prohibit 

publication or require revision?

The authors have adequately addressed the major concerns mentioned in the initial review. This 

includes further clarification of images and image captions, further explanation of model 

construction, and improved clarity of the explanation of results.

Is the methodology sound? Does the work meet the expected standards in your field?

The authors have adequately described the pros and cons of the modeling approach applied. The 

authors have also provided a more complete description of the approach, which is particularly 

helpful for the reader.

Is there enough detail provided in the methods for the work to be reproduced?

The authors have adequately updated the descriptions of the computational approaches used in the 

manuscript. This includes the modeling approach, clustering methods, and regression models that 

were presented. The authors have also made corrections of minor typos in the manuscript.

Additional Comments:

Issues associated with the additional comments in the prior review were adequately addressed.

We thank the reviewer for the positive comments. 



Reviewer #2 (Remarks to the Author):

The manuscript has been greatly improved, but I still find some points described below.

3.1

- Lines 508-409, does 'with the majority of functions not being involved in heat stress' really refer to 

Figure 5B? Or I do not understand how to read Figure 5B, because there is no biological functions 

indicated in Figure 5B. Also, the labels for the x-axis in Figure 5A have been removed for some 

reason.

Text elaborated to: ‘the majority of functions not being involved in heat stress (Figure 5B, 
<20% Arabidopsis  orthologs invovled in heat response, first column on the left). ‘. The figure 
has been fixed.

3.2

- In Table S9, some of the conditions in Arabidopsis appear to be duplicated. Explanation or 

correction needed.

We are sorry for the error. The bug has been fixed and the table for the counts are updated.

3.3

Minor points

- Line 268, '(four stresses: H, HD, HS, HN)' should be '(four stresses: H, HM, HS, HN)'. 

Corrected, thank you.

3.4

- Lines 271-272, '(bin not annotated)' -> '(bin 'not annotated')' for clarity. 

Corrected, thank you.

3.5

- Lines 277-278, Consider adding abbreviations for the given combinations, e.g., 'salt+mannitol (SM)'.

Corrected, thank you.

3.6

- Lines 333-335, 'Mp' in the gene names should be in regular face, instead of italic.

Corrected, thank you.

3.7

- Lines 359-360, Figure S11B does not appear to directly show the statement 'most (89 out of 95) TFs 

are still connected to other TFs in the GRN'.

most (89 out of 95) TFs are still connected to other TFs in the GRN (Figure S11A, red line, Figure 

S11B).

Corrected, thank you.

3.8

- Lines 450-457, labels 'Figure 6C' and 'Figure 6D' appear to be switched.

Corrected, thank you.

3.9

- Line 465, 'the parameters Sx of Sy values' could be 'the Sx and Sy parameters' ?

Corrected, thank you.

3.10

- Line 556, 'the acute stresses' might be 'the chronic stresses' ?



No, correct as is.

3.11

- Lines 1132-1133, I can't find green and red edges in Figure 4A?

Corrected, thank you.

3.12

- Fig. 2C, 'Uupregulated' -> 'Upregulated'. It might be clearer if a sentence like the following would 

be added to the description for Figs. 2C and D: 'The values were calculated from the equations given 

in B.'

Corrected, thank you.

3.13

- Table S10, 'no hits & (original description: none)' in the description column may be just 'no hits'?

Fixed

Corrected, thank you.

3.14

Marchantia eFP Browser

This cool browser needs one more small correction: archegoniophores and antheridiophore of 

female and male plants, respectively, appear to be coming out from wrong places (my apologies, I 

should have noticed and pointed out in the previous review). They are formed from meristems at 

the terminal of a midrib. The following old drawings should help:

(female) https://www.marchantia.org/new-gallery/m5mkuzpepv0chgeie4n6o46x7cw8nw

(male) https://www.marchantia.org/new-gallery/57r3hiuuicrkcjda2zqtoywhlcj377

We have updated the eFP browser.

Reviewer #3 (Remarks to the Author):

In the revised version of the manuscript, the authors have addressed all the points raised by the 

reviewers. The current version of the manuscript has notably improved and is much easier to follow. 

At this point, I only have two minor suggestions:

4.1

Line 251: Figure 2C-D should be referenced instead of 2E-F 

Corrected, thank you.

4.2

Line 495: It is worth mentioning that eFP includes the expression data on the single and combined 

abiotic stresses (not just the anatomy of the plant) and that MBEX and CoNeKT do not include the 

same expression datasets. 

Corrected, thank you.


